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ABSTRACT 
The influence of associated reactions Qn 
~ limb performance following stroke. 
ill 
The recovery of movement following a stroke is often affected 
by increased reflex activity. Associated reactions are one 
manifestation of this activity. In early studies it is reported 
that associated reactions, elicited by semi-reflex activity or 
voluntary movement elsewhere, result in increased muscle 
movement in the static, hemiparetic upper limb. 
tone and 
In the 
physiotherapeutic treatment of stroke, importance is attached to the 
influence of reflex behaviour on the control of movement. Treatment 
regimes differ, however, in their attitude towards the role of 
associated reactions in the recovery of motor control. Despi te the 
fact that little is known about how associated reactions affect 
voluntary movement, the common practice is to assume that their 
influence is detrimental and tlrus care is taken to avoid invoking 
them. 
An experimental analysis of motor function has been conducted 
to determine how associated reactions alter the execution of 
discrete, target-directed elbow flex1on/extension movements of the 
hemiparetic upper limb. Measures such as timing, speed, and 
smoothness of movement were obtained from controlled experiments. 
lV 
The results demonstrated that associated reactions have little 
influence on voluntary movement. Their only effect was upon timing 
of movement. This occurred during the preparatory but not the 
execution phase and was demonstrated in both xatient and normal 
samples. 
The results of this study contradict previous reports on 
associated reactions. It indicates that the procedures held to 
elicit associated reactions neither facilitate nor degrade the 
control of hemiparetic arm movement. The use of associated 
reactions in current treatment regimes is questioned. 
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CHAPTER ONE - INTRODUCTION. 
A cerebro-vascular accident or stroke is the third most common 
cause of death and one of the major causes of chronic disabili ty in 
Western Society (Andrews et aI, 1982) . It causes a sudden disruption 
in neurological function and many of its victims suffer a protracted 
illness, surviving the acute attack in a state of physical, 
psychological, and social disadvantage (Christie, 1982; Langton 
Hewer,1976). The establishment of formal rehabilitation programmes 
for stroke patients has been slow to develop because of the 
misconception that little or nothing could be done to help. This 
attitude resulted from the nineteenth century concept of pathology, 
which held that the lesion defined the patient and thus if the 
lesion was permanent a =e was not possible (Anderson and 
Kottke, 1978) . The subsequent growth of stroke rehabilitation, 
however, has demonstrated that there is more to treatment than just 
the removal of a pathologic lesion. Instead it nrust meet the 
challenge to enable "restoration of patients to their fullest 
physical, mental, and social capacity" (Mair, 1972 - cited Langton 
Hewer, 1976) • 
Rehabilitation of stroke patients requires a multi-disciplinary 
approach, with particular emphasis on the contributions of 
physiotherapy, occupational therapy, and speech therapy 
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(Brocklehurst et al,1978). Medical intervention is usually limited 
to stabilising the initial vascular disturbance or treating other 
medical complications. Treatment for stroke patients may involve a 
period of hospitalisation, which could be from several weeks up to 
six months, followed by community support and possibly out-patient 
therapy for a further six months. AI though there has been a change 
toward stroke, from viewing it as a chronic disabling condition 
worthy only of limited resources, to one of perceiving the need for 
full rehabilitation, there is still considerable debate on the 
general management, efficacy, and cost-effectiveness of the 
treatment undertaken (Anderson and Kottke,1978; Andrews et al,1982; 
Blower,1982; Brocklehurst et al,1978; Feldrnan et al,1962; Langton 
Hewer, 1982; Lehrnann et al,1975; Meade,1982; Smith et al,1982; Wade 
et al,1985). The large numbers of people surviving a stroke, with 
varying degrees of neurological deficit, means that an effective 
rehabilitation programme is imperative. The care of stroke 
patients, however, does consume a large amount of Health Service 
resources, estimated at 5%-6% of total hospital costs, with stroke 
patients occupying 13% of general medical bed-days and 25% of 
geriatric bed-days (Garstairs, 1976; Tallis,1984). Thus appraisal of 
the cost-effectiveness of their general management is important. 
Therapeutic intervention is recognised as the principal 
treatment for stroke, with an estimated 10% of physiotherapy time 
spent with stroke patients (Bobath, 1978; Hurwitz and Adams,1972); 
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but physiotherapy practice remains unvalidated. The profession is 
criticised for having developed through clinical experience rather 
than progressive objective investigation (Chin,1982; RancUe et 
al,1984; Richardson, 1983) , with the resultant position likened to an 
inverted pyramid - " a large block of clinical practice balanced 
precariously on a small and narrow base" (Peat,1981 - p.172). 
Additionally, there is still an incomplete understanding of the 
disorder, dysfunction, and the recovery process resulting from 
stroke (Miller and Hammond,1981; Langton H~r,1979). Thus as well 
as the need to examine the efficacy of physiotherapy treatment for 
stroke patients, further investigation into the consequence of 
stroke on motor control and its subsequent recovery is also required 
(Laugh and Laugh, 1985). Indeed if the famous quotation of Dr Frank 
Krusen, founder father of physical medicine in the United States, is 
to be acted upon today; "rehabilitation medicine should add life to 
years as well as years to life", then thorough investigations into 
stroke must be undertaken now. Physiotherapists must not forgo 
their contribution to this research.· In particular they must 
evaluate their treatment techniques and demonstrate their 
competence. 
Area of Interest 
A predominant concept in the literature is that when a stroke 
disrupts the normal sensori-motor integration of the central nervous 
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system it often results in release of primitive postural reflexes 
(Miller and Hammond,1981). Associated reactions (A.R.) are one 
such commonly acknowledged phenomenon (Mulley, 1982; Walshe,1923). 
These are described as involuntary or reflex movements which may 
develop in the limbs affected by the stroke in response to voluntary 
or semi-reflex movements elsewhere in the body (Zulch and 
Muller,1967) . They have been reported as a transient reflex 
phenomenon which may oc= with yawning, coughing, sneezing, and on 
evacuation of bladder or bowel (Mulley ,1982; Senator ,1892 and 
Westphal,1875-cited Zulch and Muller,1967). They have also been 
noted to accompany forceful, rrruscu1ar activity elsewhere in the body 
(Brunnstrom,1956; Marie and Foix,1916-cited Brunnstrom,1970; 
Simons,1923; Walshe,1923). 
Proponents of tw::> of the major physiotherapy treatment 
approaches for stroke, Brunnstram (1970) and Bobath (1978), disagree 
however over whether or not A.R. should be incorporated in 
treatment methods to promote motor control. Bobath (1978) considers 
that A.R. encourage a1:mormal rrruscle tone, lead to limited movement 
synergies, and thus should be avoided. Brunnstrom (1970), on the 
other hand, deliberately elicits A.R. and uses them as part of the 
treatment procedure to initiate and facilitate movement. The 
studies cited to support these treatment approaches, wi th the 
exception of Brunnstrom's own =rk (1956), all date back to the 
early 1900's (Riddoch and Buzzard, 1921; Simons,1923-cited 
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Brunnstrom,1956; Walshe,1923). These studies were conducted to 
determine the effect of invoking A.R. in the stroke-affected upper 
limb, but with the exception of Walshe (1923), the results were 
based on subjective observation rather than objective, quantifiable 
data. The investigations were also restricted to assessing outcome 
solely in the static upper limb. Whether A.R. have any influence 
on attempts at, or execution of, voluntary movement is therefore 
largely~, thus affording very little basis to the claims that 
they are influential or detrimental in promoting recovery of 
movement control. The debate on whether they may affect the 
patient's motor recovery and therefore how they may be a valuable 
component of treatment is therefore unanswered. Detailed, objective 
e~ination of A.R. within the dynamic context of voluntary 
movement is required to determine how this reflex reaction affects 
voluntary control and to identify its place in treatment practice. 
The investigation into the effects of A.R. will be limited to 
the upper limb. This decision was taken for several reasons -
(i) Earlier work on A.R. has been restricted to their effect on 
the arm (Brunnstrom,1956; Lough,1984; Walshe,1923). 
(ii) The effect of A.R is considered to be more prevalent in the 
arm (Popow,1929). 
(iii) There is a consensus of peSSimism about the poor level of 
recovery achieved in the arm, in that it is considered 
slower and less complete than the leg, with only a small 
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proportion of patients regaining pre-stroke function 
(Caillet,1982; Langton Hewer,1979; Satterfield, 1982; Shah, 
1980; Wyn Parry,1966). Satterfield (1982) reports that the 
arm is independent in only 19% of stroke patients, with 
independent hand function in 12%. Also 58% of the patients 
he studied suffered impaired sensation in the upper limb 
Whilst 32% had spasticity and 29% had limited movement. 
(iv) Not enough attention is focussed on the arm; ego the 
percentage of treatment devoted to the arm alone is a small 
percentage of the total treatment time and it is not started 
soon enough (Langton Hewer, 1979; Shah,1980). Also recovery 
of the arm may be compromised in an attempt at gaining early 
ambulation to facilitate discharge. 
Given that there is a lack of objective evidence about A.R. 
possible to state the problem as follows -
THE PROBLEM. 
it is 
Do associated reactions affect the stroke patient's execution of a 
voluntary movement? 
This problem also raises a number of other questions -
(i) How and to What extent do A.R. affect movement? 
(ii) Are these effects detrimental or advantageous to movement 
performance ? 
(11i) Is there any relationship between the activity invoking the 
A.R. and movement outcome ? 
This study will be directed at answering these questions. The 
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purpose of the study may therefore be stated as follows -
THE PURPOSE. 
To determine how the performance of goal-directed, voluntary 
movement of the affected upper limb is altered When conditions 
designed to provoke A.R. are introduced. 
In order to fulfill this purpose it will be necessary to answer the 
follOWing questions about A.R. stimuli. 
(1) How prevalent are A.R. in the hemiparetic arm ? 
(2) Which stimuli most ccmnnonly evoke A.R. ? 
(3) What is the relationship between the occurrence of A.R. and the 
time post-stroke, degree of spasticity, and the laterality of 
the lesion? 
(4) Is resisted activity of the unaffected arm (~lshe, 1923) an 
adequate stimulus for invoking an A.R. ? 
(5) Does changing the type of stimulus activity alter task 
performance? For instance: 
a) What is the effect When the direction of the contra-lateral 
activity matches or opposes the movement task? 
b) What is the effect if a postural change to standing is 
introduced ? 
This may be restated as the working hypothesis -
Associated reactions affect the performance of discrete, voluntary 
goal-directed movements. 
This hypothesis may be further sub-divided into the following 
hypotheses :-
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Subsidiary Hypotheses. 
(i) A.R. improve voluntary movement if movement tasks are coupled 
with a matching direction of contra-lateral stimuli. 
(ii) A.R. degrade voluntary movement if movement tasks are coupled 
with an unmatched direction of contra-lateral stimuli. 
Spasticity 
Aphasia 
Hemianopia 
Hemiplegia 
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DEFINITION OF TERMS. 
"Spastici ty is a motor disorder characterised by a 
veloci ty-dependent increase in tonic stretch reflexes 
('l1lUScle tone'), with exaggerated tendon jerks, 
resulting from hyperexcitability of the stretch 
reflex, as one component of the upper motor neurone 
syndrome" . (Lance,1980) . 
is an impairment of the ability to use language. It 
may be a difficulty in understanding linguistic 
communication (receptive aphasia) and/or in expressing 
thoughts in an appropriate linguistic form (expressive. 
aphasia) . 
loss of the visual field on one side of the body. 
loss of willed movement on one side of the body. 
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CHAPTER TWO 
LITERATURE REVIEW 
STROKE 
Stroke is a chronic illness with an acute onset, a vascular 
illness in neurological territory, a family illness with 
more than one victim, a challenging illness with much to 
teach about how the damaged brain regains function. 
(Isaacs,1982; p.311) 
Incidence, Mortali ty, and OUtcome. 
A major stroke is a catastrophic event causing an infarction of 
part of the brain. It may be due to arterial thrombosis/embolus, 
intra-cerebral haemorrhage, or subarachnoid haemorrhage 
(Christie,1982; Garraway,1979; Whisnant,1976); transient ischaemic 
attacks, subdural and extradural haematomas are excluded. The 
proportion of occurrence of these different types of stroke is 
quoted as 8% follOWing subarachnoid haemorrhage, 12% due to cerebral 
haemorrhage, and 69% from cerebral thromboembolism; whilst 11% are 
reported as ill-defined acute strokes (Kurtzke,1976). The general 
definition of stroke encompassing all these categories is : 
Rapidly developed clinical signs of focal (or global) 
disturbance of cerebral function, lasting more than 
24 hours, or leading to death, with no apparent cause 
other than of vascular origin. 
(Aho et al,1980). 
The annual incidence of acute strokes in the United Kingdom is 
quoted as between 1.8 - 2.0 per 1,000 of the population each year, 
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with increasing age the most strongly related 
(Kurtzke,1976; Langton Hewer,1976; MoItsumato 
risk factor 
et al,1973; 
Wylie,1972). The latter is confirmed by the age-incidence rates 
reported by both the Royal College of Physicians (1974) and a W.H.O. 
collaborative study (Aho et al,1980). They z:eported an incidence of 
approximately 1 per 1 ,000 of the population per year in the 45-54 
age group, which rose ten- fold in the 65-74 age group to 
approximately 10 per 1,000 pop. per year, and up forty-fold in the 
85+ age group to approximately 40 per 1,000 pop. per year. The 
other major risk factors which have been identified for stroke are 
hypertension, diabetes mellitus, heart disease, transient ischaemic 
attacks, and disturbance in blood haemoglobin. 
Differences have also been observed in the incidence of stroke 
between the two sexes (Haberrnan et al,1982; Kurtzke,1976; 
r.'arquardsen,1969). Marquardsen (1969) found a similar number of 
male and female stroke patients in the lower age groups, but beyond 
60 years of age he stated that there was an excess of women stroke 
patients which further increased with age. Kurtzke (1976), however, 
reviewed fifteen separate surveys and concluded that overall there 
appeared to be a slight increase in the male incidence of stroke as 
compared to that for l'X)I1len (186: 145) . Haberrnan et al (1982) 
reported another difference in sex-incidence rates which varied with 
the pathology of the stroke. They cited a male excess of about 45% 
in instances of cerebral infarction, a negligible difference in 
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sex-incidence rates for intracerebral haemorrhage, whilst there was 
a female excess of about 100% in cases arising from subarachnoid 
haemorrhage. 
Figures for overall survival of stroke victims indicate a high 
early mortality; 30%-40% of stroke victims are quoted as dying 
within the first three weeks and the risk of fatal outcome is 
reported to be three to four times higher for intra-cerebral 
haemorrhage than it is for cerebral infarction (Abo et al,1980; Baum 
and Robins, 1981; Christie,1982; Marquardsen,1982). Between 42%-58% 
of patients are still alive at six months, with the mortality rate 
showing a marked decline after one year (Christie,1982; Fugl-Meyer 
et al,1975). Although the late mortality of survivors from stroke 
is I1l\lch higher than that of the corresponding general population, 
there is no conclusive agreement on the median survival time 
post-stroke. Marquardsen (1969) found median survival time to be 
less than 4 years, whilst Fugl-Meyer et al (1975), who studied 
patients under 65 years, quoted it to be about 6 years. Anderson 
and Kottke (1978), however, cite a figure of 30% still alive 11 
years post-stroke, with a mean survival time exceeding 7 years. In 
a retrospective study Garraway (1979) reported how there had been a 
decline in the frequency of onset of stroke over three decades, 
1945-1974, in Rochester, Mirmesota. This was not accompanied by a 
change in prevalence of the condition because of the marked 
improvement in prospects for survival, thus overall there was no 
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improvement in the burden of stroke on the corranunity 
(Garraway,1979). 
Although statistical studies on outcome of patients suffering a 
stroke vary (Anderson and Kottke, 1978) , many studies concur with a 
corranonly quoted guide: namely, one third die; one third remain 
chairfast or bedfast (ie. disabled/dependent); and one third regain 
reasonable function (Christie,1982). Hemiparesis, affecting the 
motor system of one half of the body, is the canmonest major 
residual deficit folowing a stroke (Blower, 1982; Marquardsen, 1982; 
Sheikh et aI, 1981; Wade et aI, 1985), but disturbance to sensory, 
visual (hemianopia), speech (aphasia), and cognitive functions may 
also occur. The frequency of occurrence of these symptoms varies 
across different studies; for instance hemiparesis is reported to 
occur in as wide a range as 50% to 80% of patients (Aho et al,1980; 
Walker et al,1981 and Herrnan et al,1982 - cited Wade et al,1985). 
Marquardsen (1969) reported, however, that 83.5% of males and 86.7% 
of females had developed a hemiparesis, whilst Sheikh et al (1981) 
found some degree of limb weakness in 94.5% of male stroke victims 
and in 93.8% of females. Sensory defects, ie. loss of skin/joint 
sensation and/or associated problems of unilateral neglect and 
apraxia are also common and have been reported at incidences of 
between 25% (Wade et al,1985) and 30% in a group of 271 patients 
studied by Anderson (1971). The presence of severe sensory 
impairment and homonymous hemianopia is considered to imply that an 
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extensive neurological lesion has occurred. These are additionally 
seen as serious impediments in rehabilitation and thus may prejudice 
long-term recovery (Haerer,1973). It also appears within limits of 
present knowledge of brain function that deficits resulting from a 
stroke vary with the laterality of the lesion. Sensori-motor 
disturbance may occur with either a right or left hemisphere lesion. 
However damage to the 'dominant', left hemisphere is usually also 
associated with loss of comnrunication skills (aphasia), whereas 
damage to the right hemisphere results in disturbance of 
visuo-motor, temporal, and spatial concepts. 
Neuropathology -
Autopsy 
Torvik,1969) 
studies 
reveal 
(Fisher and Curry, 1965; Jorgensen and 
that the most common site of intracerebral 
haemorrhage or thrombosis is in the middle cerebral artery. This 
vascular incident results primarily in lesion of the internal 
capsule in the diencephalon and neighbouring cortical tissue, 
causing varying degrees of neurological damage. Various 
neurophysiologcal theories have been postulated to explain the major 
disruption which may then occur in the motor system as a result of a 
stroke (Brodal, 1962; Bucy et al,1964; Lawrence and Kuypers,1968; 
Miller and Hammond,1981; Yanigisawa,1980). A belief that the 
internal capsule was the principle route by which cortical 
projections were funnelled to the spinal cord via the corti co-spinal 
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or pyramidal tract (Brodal,1962) , led to the view that hemiparetic 
dysfunction following a stroke resulted from a pure pyramidal or 
upper motor neurone lesion. This lesion was believed to cause a 
loss of drive to the alpha motoneurons supplying the affected 
musculature. Bucy et a1 (1964) considered this view erroneous and 
pointed out that a pure cortico-spina1 lesion was highly unlikely in 
the internal capsule. It was only in the medullary pyramids 
(Tower,1940) or the central portion of the cerebral peduncles 
(Barnard and Wolsey, 1956) that these fibres were suffiCiently 
segregated from all ascending fibres and other descending fibres for 
a lesion of this integrity to occur. TheY reported the case of an 
operation carried out in a man where the central portion of the 
right cerebral peduncle was divided to relieve a left hemiballismus. 
Immediately post operatively the patient had a complete flaccid left 
hemiplegia but later proceeded to make almost total recovery of 
upper. limb control. This was despite the fact that it was 
subsequently discovered at post-mortem that 83% of the 
corti co-spinal tract to the left side of the body had degenerated. 
Lawrence and Kuypers (1968a,1968b) also revealed that specific 
lesion of the cortico-spinal pathway essentially caused loss of 
but that almost total recovery speed and finesse of movement, 
occurred and no spasticity ensued. 
The comp1eK clinical picture which acompanys a stroke, 
reflected as disturbed motor control with loss of reciprocal 
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inhibition, widespread release of primitive postural reflexes, and 
abnormal muscle tone (Miller and Hammond,1981; Twitchell,1951; 
Yanigisawa,1980; Yanigisawa et al,1976) contradicts the view that 
the effect of stroke could simply be due to an upper motor neurone 
lesion. Although there may be damage to the cortico-spinal tract, 
the disruption of sensori-motor integration which accompanys stroke 
must be due to lesion of other cortico-fugal pathways. This view is 
supported by the results of experimental surgery in primates by 
Lawrence and Kuypers (1968). They described and grouped. descending 
neural pathways into ventra-medial and ventro-lateral systems. The 
ventre-medial system comprised of the vestibulo-spinal and 
reticulo-spinal tracts, the ventro-lateral was composed of the 
rubro-spinal tract, whilst the cortico-spinal tract overlapped the 
two systems. In order to uncover the function of the subcortical 
components of these two systems, Lawrence and Kuypers lesioned 
either the ventro-medial or the ventre-lateral systems in a group of 
rhesus monkeys at various levels of the neure-axis. Lesion of these 
medial and lateral pathways at the medullary reticular level 
resulted in loss of balance and righting reflexes, release of 
tonic neck reflexes, impaired axial and proximal activity, and 
alteration of postural attitude of the trunk and limbs in the 
direction of flexion. Thus they concluded that the ventro-lateral 
brainstem pathways seemed to be responsible for the independence of 
distal activity and for limb flexion, whilst the ventro-medial 
brainstem system controls posture and the integration of body and 
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limb movement. 
Given the description of stroke by TWitchell (1951) and his 
comment that the course of recovery from "cerebral paralysis" did 
not favour a simple view, "the ability for willed movement is not a 
separate and divisible function" (p.450), it would appear that 
elements of dysfunction in corti co-spinal , ventro-medial, and 
ventro-Iateral systems are all involved in the motor disorder 
following stroke. The capsular lesion interrupts therefore not only 
the cortico-spinal projection, but also the cortico-fugal 
interaction with the descending brainstem pathways. 
Recovery and Rehabilitation 
The natural development of an acute stroke may be divided into 
three general stages (Hurwitz and Adams, 1972): early survival 
(approx. first two weeks); restoration of activity and independence 
in walking, standing, and self-care (8-10 weeks); further recovery 
and social integration (2 years). Although these three stages only 
serve as a very broad guide to possible outcome they do encompass 
the observations that recovery of function after stroke tends to be 
quicker over the first few weeks, progressively slows down by about 
six months, and becomes difficult to determine after a year (Andrews 
et al,1981; Bard and Hirschberg, 1965; Carroll,1962; Skilbeck et 
al,1983; wade et al 1983). The process of recovery and eventual 
Page 18 
outcome for patients who survive the acute episode may be very 
variable however. both in terms of the time taken and the extent of 
recovery achieved (wade et al.1985). There are large differences in 
the reported levels of outcome achieved by stroke patients; for 
instance the proportion of patients remaining dependent after a 
stroke may vary between 3% and 30% (Arrlrews et al.1982; Ford and 
Katz.1966; Herman et al.1980; Hurwitz and Adams.1972; Lowenthal et 
al.1959; Marquardsen.1969). A W.H.O. survey (1980). which followed 
8.754 stroke patients. reported that amongst the survivors after one 
year 9% were totally dependent. 60% were independent in self-care. 
and 14% were in gainful employment. There is also considerable 
debate over whether the rehabilitation of these patients improves 
upon natural recovery and whether it is efficacious or not (Anderson 
and Kottke.1978; Lehmann et al.1975; Wade et al.1985). This latter 
issue in particular is confounded by tw:) main problems. Firstly. 
the lack of sensitive and reliable measures so that recovery. effect 
of treatment. and outcome can be accurately assessed and secondly. 
the limited amount of monitoring which has been conducted on the 
recovery process (Lough and Lough.1985). 
Given the importance of establishing knowledge of the natural 
history of the disease condition. 
not only in order to plan management and to judge the effect 
of treatment but also to test the credibility of theories of 
the underlying mechanism 
Newman (1972; p.702) 
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a number of studies have been conducted to try and detail the 
progress of motor recovery in the upper limb following a stroke 
(Andrews et al,1981; Bard and Hirschberg,1965; De Souza et al,1980; 
Fugl-Meyer et al,1975; Lough et al,1984; Newman,1972; 
Twitchell, 1951; and Wade et al,1983). One of the earliest accounts 
by Twitchell (1951) provided a major insight into the disorder and 
acted as an important influence on the developing therapeutic 
professions (Bobath, 1978; Brunnstrom,1970). His lengthy 
documentation of the clinical symptoms and sequential motor recovery 
from a stroke indicated that a remarkable uniformity exists across 
patients and revealed a progression of phases, " .. a regular sequence 
of reflex changes each of which is associated with a corresponding 
increase in ability for willed movement", (p.450). Twitchell 
demarcated recovery into several stages : 
(i) An essentially flaccid stage immediately following the stroke 
with a loss or hypoactivity of tendon reflexes. 
(11) Proprioceptive responses then become abnormally active as 
shown by finger tendon jerks and developing spasticity. 
Proprioceptive responses were also modified by various spinal 
and brainstem reflexes, ego proximal traction, body righting 
and tonic neck reflexes, and the stretch reflex. 
(iii) Returning voluntary movement generally began with flexion at 
the shoulder and hip, progressing to a total flexion pattern 
or synergy of the entire limb; willed movement of individual 
joints was impossible. Extensor synergies developed similarly. 
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(iv) As recovery proceeded the more elementary proprioceptive 
responses were subordinated and voluntary movement, at first 
a facilitation of the available response at each stage, 
gradually became more coordinated and integrated. separation 
of the individual movements of the synergic complex was 
possible, accompanied by a corresponding decline in 
spasticity. 
(v) Recovery of proximal movement was thought to precede distal 
movement. Fine hand control was last to recover. 
He also noted that the process of recovery could become arrested at 
any stage in the sequence and arm function in particular was often 
found to be " .. halted in the phase of heightened proprioceptive 
activity" (p.478). 
Twitchell's study may be criticised for failing to use any 
objective measures and for covering an insufficient time span of 
recovery, but many of his observations have subsequently been 
validated by studies which conducted a more objective measure of the 
recovery process (De Souza et al,1980; Fugl-Meyer,1975; Wade et 
al,1983). The more recent studies of the recovery process are 
Umi ted however in some of the following respects. Firstly. the 
sensitivity of the measures used in most of the studies is limited 
and fails to distinguish between neurological recovery and the 
development of the adaptive response. For instance A.D.L. 
(Activities of Daily Living) is the most cammon clinical assessment 
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tool used to measure attainment of goal. A.D.L. is a quantitative, 
numeric, cumulative scoring system providing a useful index on 
functional outcome, but it fails to capture the finer aspects of 
movement (Fugl-Meyer et al,1975; Mitchelson, 1978; Skilbeck et 
al,1983; Wade et al,1983). It has also been shown to have 
"basement" and "ceiling" effects (Wade et aI, 1983), and to have a 
lack of sensitivity to qualities of fluency, ac=acy, and 
consistency of movement (Mitchelson,1978). Tests of muscle power by 
M.R.e. grading (1976) are also criticised as being very limited 
when assessing stroke patients because they were designed for 
testing lower motor neurone disorders and are -
not sui table for upper motor neurone lesions because 
of the associated abnormalities of tone and the 
characteristic deficits of total movement patterns. 
(Ashburn, 1985; p.403) 
Secondly, more detailed, long-term follow-up of motor recovery from 
stroke is required to examine the composition of movement and to 
capture the complexity of the disorder (Lough et aI, 1985). 
Various studies have also been undertaken to evaluate the 
general management of stroke and the effects of specific therapeutic 
intervention in an endeavour to identify the efficacy of 
rehabilitation programmes. They can be subdivided into four groups 
(1) Patient Placement -
Studies of whether patients treated routinely in a medical ward 
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recovered differently from those treated in a rehabilitation 
unit (Boyle and Scalzitti,1963; Feigensen et al,1979; Garraway 
et al,1980;Gordon and Kohn,1966;Lowenthal et al,1959;Stern et 
al,1971). 
(2) Dose-Response Relationships -
Studies of the relationship between the time spent in therapy 
(intensity) and the status of outcome (response) was examined. 
Smith et al (1981) compared the effectiveness of varying 
intensities of out-patient therapy. Feldman et al (1962), 
Peacock et al (1972), McDawel1 (1975), and waylonis et al 
(1973) attempted to compare outcome of intensive therapy 
versus functionally orientated care. 
(3) Exercise Regimes -
Studies of different treatment regimens (Inaba et al,1973; 
Loggigian et al,1983; stern et aI, 1970). Stern et al (1970) 
compared those who (a) received no specialised therapy, with 
(b) those who received a specific proprioceptive neuromuscular 
facilitation (P.N.F.) regime. 
(4) Treatment Time -
Studies of the timing and extent of treatment - ego onset and 
duration of treatment given (Brocklehurst et al,1978; Hamrin, 
1982; Teuber,1975; WYlie,1970). 
The general conclusions of these studies were variable and somewhat 
contradictory. On the one hand Feldman et al (1962), Peacock et al 
(1972), and McDowe11 (1975) reported that there was no significant 
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difference in functional outcome between patients who had intensive 
versus functionally orientated care and those who were treated in 
rehabilitation units versus medical units (Feldman et al,1962). 
Stern et al (1970) also found no significant difference in outcome 
when comparing different treatment approaches. Srni th et al (1981), 
however, in one of the largest controlled trials carried out, 
reported that intensive out-patient therapy was more effective than 
conventional treatment or non-treatment groups. Four of the studies 
emphasised the benefit of early therapeutic intervention 
(Brocklehurst et al,1978; Johnson and Keister, 1984; Teuber,1975; 
wylie, 1970) , thus reiterating findings that prognosis for recovery 
from neurological deficits seems to depend to a large extent on the 
amount of improvement oc=ring in the first few weeks (Bard and 
Hirschberg,1965). Also in contradiction to the outcome reported by 
Feldman et al (1962), Blower (1982), Garraway et al (1980), Garraway 
(1982), and Smith et al (1982) all concluded that patients treated 
in stroke units did have a better functional outcome than those in 
medical units. 
A particular criticism of most of the studies which attempted 
to comment on rehabilitation for stroke, however, is that they 
failed to isolate the specific aspect of treatment from the overall 
management of the condition, thus confounding ~ attempt to 
evaluate efficacy of physiotherapy treatment per se (Lough and 
Lough, 1985) . In other instances, the conclusions of studies which 
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investigated specific aspects of treatment were limited by a failure 
to use sufficiently sensitive enough measures. Indeed as Meade 
(1982) states many of the shortcomings in these studies leave the 
general issue of efficacy -
... unresolved. They do not suggest any obvious benefits 
attributable to rehabilitation nor do they establish that 
rehabilitation is ineffective. 
(p.232) 
This salutory conclusion serves to underline the considerable amount 
of work which requires to be conducted into the central issues of 
stroke recovery, evaluation of physiotherapy treatment techniques 
and comparative studies of efficacy. 
PhysiotherapY Treatment of Stroke -
Frenkel is acknowledged as the person who laid the foundations 
of treatment methods fundamental to the rehabilitation of 
neurological dysfunction. When he presented his findings at Brerrnnen 
in 1889, he emphasised that treatment should not be based simply on 
the idea of strengthening 'apparently' weak muscles, because he 
believed that it was not just a loss of power, but a breakdCMll in 
sensor i-motor mechanisms, which resulted in the malfunction of motor 
control. Consequently he stressed that treatment should consist of 
frequent repetition of active movements by the patient, during which 
it was supposed that cerebral registration of visual and somatic 
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information concerning movement abnormality would help promote the 
learning of more controlled movement production (L1cht,1975). This 
essential concept remains central to modern day physiotherapy 
treatment. 
Unfortunately Frenkel's insights into neurological movement 
disorder were not generally accepted and with the exception of 
Clayton (1924 - cited Westcott,1967), such 'treatment' as existed 
was still based on Lovett's principle (1917) of testing and 
strengthening individual nruscles. Indeed as Licht (1973) states, up 
until the 1940's rehabilitation therapy for stroke patients was 
Virtually non-existent; 
.. in the third and fourth decades of this century, 
the management of hemiplegia in most of the world 
could be characterised as inadequate .••.. 
the world literature is almost silent on hemiplegic 
rehabilitation during this period. 
(p.12/13) . 
The advent of the second World War, hcmever, with the huge mnnbers 
of severely disabled casualties and the inadequacy of the treatment 
available stimulated a re-examination of principles (Hirt,1967; 
Licht ,1973) . Temple Fay (1954) succinctly expressed the need for 
new therapeutic procedures to be developed when he stated of these 
brain-injured patients -
It is high time we began to put certain 'normal' and 
so-called 'pathological reflexes' to work for the 
good of the patient and not merely record them as 
curiousities of the neurological record. 
(cited by Hirt,1967;p.36) 
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The major physiotherapeutic approaches which subsequently 
developed (Bobath,1978; Brunnstrom, 1970; Fay, 1954; Kabat, 1950) 
acknowledged Frenkel's innovative ideas. They also drew on the 
results of neurophysiological studies on animals (Coghill,1929; 
Magnus, 1926; Magnus and de Kleijn, 1912; Sherrington, 1906; Von 
Uexull,1905) and observations on neurologically-damaged patients 
(Jackson,1884) to develop their treatment principles. Treatment was 
therefore based on an increased understanding of neurological 
function and knowledge of the sequence of normal motor development. 
As a result there was a shift away from the 'traditional' approach, 
with its fatalistic acceptance of dependence following a stroke, to 
the 'neurophysiological approach'. Now instead of training the 
sound side to compensate for the hemiplegic side, which was largely 
ignored, the emphasis focussed on retraining the affected side and 
maximising recovery from disability (Chin, 1982) . The various 
treatment approaches also drew heavily on Twitchell's (1951) 
documentation of the recovery process as the basis of their 
progression of treatment. 
Although drawn from the same background, with some corrnnon 
denominators, there are significant differences amongst the major 
treatment approaches (Flanagan, 1967) . They agree on the premise for 
instance, that posture, proprioceptive, and sensory stimuli can 
modify basic reflex patterns of movement, but they differ in the way 
they employ such stimuli in their treatment techniques. This may be 
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reduced essentially to a difference of whether the treatment 
techniques are facilitatory or inhibitory. At issue is whether or 
not the various reflexes, occurring at different levels of the 
neuroaxis, should be deliberately facilitated and incorporated in 
treatment attempting to promote motor control following stroke or 
alternatively discouraged and inhibited. The following history and 
development of the essential principles of the four major treatment 
approaches reveals the balance of practice. 
Proprioceptive Neuromuscular Facilitation (P.N.F) was one of 
the first, modem treatment progrannnes to be developed (Kabat,1950). 
The main treatment principles were that a mature adult who has 
suffered motor disability needs to recapitulate the motor acts of 
developing behaviour, proceeding cervico-caudal, proximo-distal and 
that proprioceptive stimulation should be used to facilitate the 
voluntary motor mechanism. Use was made therefore of total patterns 
of movement, interaction between the two sides of the body was 
introduced, and reflexes were harnessed to reinforce voluntary 
effort. Voluntary activity was encouraged to be goal-directed and a 
rhythmic, reversing character of movement was practised. 
Neuromuscular reflex therapy was developed by Fay (1954). This 
approach was an almost simultaneous, although quite independent, 
development of proprioceptive neuromuscular facilitation. In this 
treatment a phylogenetic/evolutionary perspective of movement was 
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adopted. The primitive reflex movements of spinal automat isms and 
tonic responses, for the maintenance and protection of the species, 
were considered as "buil t-in exercises" I essential to the 
restitution of controlled movement. Since fragments of this motor 
behaviour were considered to persist in man, depending on the degree 
or level of control exerted by the central nervous system, use was 
made of reflex levels of response up to the highest level possible. 
Treatment thus began with simple elements of movements, built upon 
the patterns of reflexes which prevailed. Training of gross motor 
functions was seen as providing the foundation for the development 
of more skilled activities and a progression from sub-cortical to 
cortical control was encouraged. 
At about the same period, between 1951-1956, Signe Brunnstrom 
developed a therapeutic programme for stroke patients with many of 
the prinCiples of reflex training adapted from Fay (1954). She used 
reflex training as a wedge to progress from subcortical to cortical 
control of muscle function and encouraged hemiplegic patients to 
gain control of the basic limb synergies. She reasoned that the 
flexion and extension motion synergies were primitive spinal cord 
patterns which should be elicited on a reflex level and then 
conditioned, by instituting and integrating more complex activities, 
to develop rapid, reciprocal voluntary control. Brunnstrom 
considered that the 1 synergies 1 constituted a necessary intermediate 
stage for further recovery and that selected afferent stimuli of 
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proprioceptive and exteroceptive origin should be utilised to elicit 
them and thus initiate movement. 
The Bobath concept of treatment, developed in U.K. between 
1950-1960 by K.and B. Bobath, had some major differences in 
approach compared to the regimes mentioned previously. The Bobaths 
considered that the essential deficit in an upper motor neurone 
lesion was derangement of the "normal postural reflex mechanism", 
ie. loss of the integrated activity of righting, protective, and 
equilibrium reactions, along with the accompanying normal 
distribution of postural tone. They stated that the integration 
between input and output at each level of the neuroaxis was 
disturbed and thus stil1Rlli were "shunted" through lower levels 
without the benefit of higher reorganisation, which led to coarser, 
more stereo-typed responses. They considered that -
.. the patient must be helped gradually to gain control 
over his abnormal postural reflex activity, to by-pass 
the short circuit into abnormal patterns, and so enable 
more normal patterns to become established again. 
(p.14) 
They discouraged the development of abnormal muscle tone 
(hypertonicity) and the facilitation techniques, described in the 
previous treatment regimes, were avoided as they considered that 
they only encouraged the persistence of the "abnormal postural 
reflex mechanism". 
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The main point of contention is therefore Whether to harness 
lower level reflexes in order to help redevelop voluntary control 
(Brunnstrom, 1970) or alternatively to inhibit these 'coarse, 
stereotyped' movement patterns and try to develop higher responses 
and a more flexible, integrated pattern of movement from the start 
(Bobath, 1978). Evidence to substantiate or refute the claims of the 
relative value of one specific technique over the other is, ho\-ever, 
missing. The divergence of attitude betw=en Brunnstrom (1970) and 
Bobath (1978) thus reduces to a difference in their subjective 
interpretation of neurophysiology and observations of the clinical 
phenomenon, rather than objective, scientific analysis. 
One feature of recovery, the reflex syndrome known as 
associated reactions, is a central issue in this dispute between the 
two major regimes. Considered as part of the primitive postural 
reflex mechanism by Bobath (1978), it epitomises some of the 
essential differences in treatment management. The conflict over 
Whether provoking A.R. encourages abnormal ImlScle tone, spasticity, 
and thus leads to limited movement 'synergies' or not presents the 
dilemma of Which is the appropriate treatment management to adopt. 
Twitchell himself commented that on the one hand, " .. if spasticity 
could be abolished willed movement could be more effectively 
performed", but that -
•. the first movements to appear following hemiplegia are 
themselves facilitated stretch reflexes. The problem at 
that stage is not so much to abolish the spastic reaction, 
as to harness its diffuse hyper-activity. 
(p.478) 
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There is, however, no evidence that A.R. are directly linked with 
spasticity, nor is there arrf substantive evidence of the effect of 
A.R. on voluntary movement. Given the necessity to try and 
determine the efficacy of current treatment practices, an 
investigation of A.R. could serve as a comparitive evaluation of 
one of the controversial principles of the different treatment 
regimes and thus identify the most appropriate treatment practice. 
Associated Reactions. 
Associated reactions, A.R., are reported as a pathological 
reflex phenomenon which result in involuntary movements of a stroke 
patient's hemiparetic limbs. They are usually evoked by semi-reflex 
activity or a primary, willed movement elsewhere in the body 
(Brunnstrom,1956; Marie and Foix, 1916; Riddoch and Buzzard,1921; 
Walshe,1923; Zulch and Muller, 1967) and may be defined as " released 
postural reactions in muscles deprived of voluntary control" 
(Walshe,1923; p.2). They are reported to occur when efference 
activity interacts with a disordered central nervous system, with 
the degree of A.R. being dependent on the degree of central nervous 
system disturbance (Walshe, 1923; Riddoch and Buzzard,1921). Walshe 
suggested that although the normal postural mechanism, which 
coordinates many reflex and semi-reflex actions throughout the body 
during voluntary movement, is not lesioned by a stroke, it does 
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occur in exaggerated intensity due to the loss of cortical control. 
He concluded therefore that the A.R. appearing in hemiprretic limbs 
on certain voluntary movements of the normal limbs, or indeed such 
semi -reflex actions such as yawning, were in fact released phenomena 
of that order. 
A.R. have been classified however into both normal, 
physiological A.R. and pathological A.R. (Zulch and Muller,1967). 
Normal, physiological A.R. occur in both adults and children. 
Bell's phenomenon (u];W3.I'd. movement of the eyes when the eyelids are 
closed), distortion of the facial muscles during strenuous exertion, 
dorsiflexion of the hand when the fist is clenched, and arm swinging 
in walking are cited as examples of two categories of 'controllable' 
and 'uncontrollable' physiological A.R. in adults (Zulch and 
Muller,1967). Similarly A.R. were stated to be a normal, 
unintended response of young children to intentional actions 
requiring moderate physical exertion (Woods and Teuber,1978; Wolff 
et al,1983). Children are born with a high level of anarchy or 
over-activity in their motor control (Davies, 1985) , but as they 
mature the over-activity disappears (Basmajian,1981). Childhood is 
thus the time when skilled, intentional movements are maturing and 
accordingly the frequency of A.R. decreases rapidly in children 
between 5-8 years. Where they persist, they are regarded as good 
behavioural markers for maturational delay or neurological 
impairment (Wolff et al,1983). Study of physiological and 
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pathological A.R. in children is considered to offer potentially 
important insights into both the course of normal developnent and an 
understanding of the reorganisation of movement after nervous system 
damage (Wolff et al,1983; Woods and Teuber,1978). 
Pathological A.R. may be divided into those arising from 
spinal lesions and cerebral lesions, with the latter group further 
classified into identical, global, and coordinated categories (Zulch 
and Muller,1967). Global and coordinated A.R. form the major 
group, whereas identical A.R. are a much smaller and less common 
group. Identical A.R. are defined as 'mirror symmetrical', 
involuntary movements accompanying identical voluntary movement in 
the contra-lateral side. Their proposed cause is the transmission 
of impulses from the uncrossed 15-25% of the pyramidal tract of the 
non-lesioned side, which are normally inhibited, influencing the 
musculature of the paretic side, and thus giving rise to identical 
accompanying movement (Zulch and Muller,1967). Fist clenching on 
the paretic side is often the only identical A.R. evident because 
the specific components of identical A.R. are masked when the more 
common and powerful global A.R. supervene (Zulch and Muller, 1967) . 
Although they form a small group with limited effects, they could be 
potentially detrimental to skilled movement since mimicry of 
movement on the affected side could interfere with reCiprocal 
inhibition and alternating coordinated action. 
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Global and coordinated A.R., which will be considered together 
as simply A.R., generally result in mass, synergic movement patterns 
in the affected limb. These synergies were first detailed by 
Foerster (1936). He described the 'mass flexor synergy' in the 
paretic arm as clenching of the fist, flexion of the forearm, and 
al::duction of the upper arm. The 'extensor synergy' alternatively 
consisted of flexion or extension of the fingers, extension and 
pronation of the forearm, adduction of the upper arm, and depression 
of the shoulder girdle. Reflexly-evoked A.R. were first noted to 
occur in the paretic arm in response 
evacuation of bowel/bladder as early 
to sneezing and also to 
as the late 1800's 
(Westphal, 1875; Senator, 1892) . Yawning and morning stretch may also 
elicit A.R. on a semi-reflex basis and a recent study by Mulley 
(1982) found that 80% of stroke patients experienced A.R. to these 
particular types of stilll\lli. This study may be criticised because 
it was conducted by a telephone poll of subjects, but the author 
proposed that it indicated that A.R. were a more common phenomenon 
than most medical literature conceded. Chronologically, 
reflexly-evoked A.R. are acknowledged as the first to appear 
following a stroke, usually at about 4-6 weeks (Zulch and 
Muller, 1967) . 
A.R. may also be evoked by strong III\lScular effort elsewhere in 
the body and strong use of the unaffected arm, grasp of the 
unaffected hand, and flexion of the paretic leg have all been 
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reported to invoke A.R. in the hemiparetic arm (Foerster,1936; 
Marie and Foix,1916; Popow,1929; Riddoch and Buzzard,1921; 
Simons,1923; walshe,1923). Walshe (1923) undertook one of the more 
extensive investigations of the form, latency, and duration of A.R. 
and he reported that strong, tonic, voluntary muscular contraction 
of the unaffected limbs was required to produce an A.R., with a 
strong, maintained grasp of the normal hand one of the most powerful 
stimuli for A.R. in the paretic arm. CUtaneous stimuli, tactile or 
painful, had no effect and the resultant reflex action bore no 
resemblance to that of the A.R. Additionally, he found that A.R. 
were commonly slow in development, proved to have a comparatively 
long latent period, and persisted for at least the duration of the 
stimulus, sometimes even a few seconds beyond it. Indeed there was 
a striking contrast comparing the latencies of a phasic reflex 
(O.04sec.) and an A.R. (O.75sec.). walshe concluded that-
.. in respect of stimulus , latency, form, and duration 
the associated reaction presents all the characters of 
a tonic or postural reflex. 
(p.13 ) 
Thus in the same way that a tonic reflex arising in the neck may act 
on the limbs -
The A.R. in the paralysed arm on voluntary clenching of 
the normal hand, is a tonic reflex arising in the limb 
and acting on the (crossed) limb. When they are the 
resul t of contraction of trunk muscles, as in yawning, 
they may be called tonic reflexes arising in the trunk 
and acting on the limbs. 
(p.26) 
In many patients the form of the A.R. did not vary according to 
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that of the voluntary movement or posture eliciting it and a 
stereotyped reaction was obtained. However this was not always nor 
even generally the case and -
.. the forn of the A.R. could be modified according to 
the forn of the voluntary movement of the sound arm. Thus 
voluntary flexion of the elbow against resistance evoked 
associated crossed flexion, while voluntary extension 
evoked ample associated extension. 
(p.8) 
Work by Simons (1923) also showed that the A.R. response, provoked 
by a fist clench on the unaffected side, could be modified by 
al tering head position. Simul taneous rotation of the head to the 
affected side resulted in an extensor synergy of the affected upper 
limb, whereas rotation to the unaffected side alternatively caused a 
flexor synergy. This effect was usually restricted to the upper 
limbs however with very little influence in the lower limbs 
(Popow, 1929) . 
Therapeutic Implications 
From the evidence of limited studies on A.R. (Brissaud,1880; 
Curschmann, 1906; Hitzig,1872; Noica,1911; Nothnagel, 1884; - cited 
Zulch and Muller,1967; Marie and Foix,1916; Riddoch and 
Buzzard, 1921; Simons,1923; walshe, 1923) , Zulch and Muller concluded 
that there would appear to be good neurophysiological reason for 
believing that A.R. are the reflex preliminary to synergic, 
voluntary movement patterns. A.R. appear to be an "identical motor 
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phenomenon" to the synergic movement patterns which result from a 
stroke patient's early attempts at voluntary movement -
.. returning voluntary movement generally began as flexion 
at the shoulder and hip, but resulted in a total flexion 
pattern or 'synergy' of the entire limb, willed movement 
of individual joints proved impossible. 
(TWitchell,1951; p.450) 
and may indeed be the first trigger to cause movement (Zulch and 
Muller ,1967) . The progression from reflex to voluntary movement is 
not yet fully understood however and indeed even at the stage of 
willed movement, reflexly-evoked A.R. (eg. by sneezing) may still 
interfere with the course of voluntary motor activity (Zulch,1968). 
Zulch and Muller suggest therefore that a more complete 
understanding of the characteristics of A.R. and their influence on 
motor control could give better insight into hew recovery from motor 
dysfunction oc=s. A.R. might prove to be useful in initiating 
and guiding movement control through an evolution from the reflex 
stage, through the semi-voluntary stage, and onto the stage of 
voluntary use as synergies. They could be exploited therefore to 
facilitate and develop voluntary control from the more primitive 
motor responses. 
Signe Brunnstrom, an American physical therapist, was intrigued 
by A.R. and in particular how they might be applied in re-education 
of upper limb movement. She was already an advocate of the use of 
reflexes in retraining patients with upper motor neurone lesions, as 
described by Fay (1954). Since A.R. appeared to show 
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characteristics of postural reflexes (Simons,1923; Walshe,1923) she 
considered that they might be incorporated as additional retraining 
techniques and conducted her own studies into A.R. Simons (1923) 
had suggested that any kind of resisted motion would elicit an A.R. 
but that the type of resulting motion, flexion or extension, would 
be solely determined by the position of the head. Thus in 
preliminary investigations (1951-1952) Brunnstrom attempted to 
elicit A.R. with a resisted hand clench and elbow flexion and 
tested patients' response in various postural settings and with 
different head positions; ego back lying, side lying, sitting, and 
standing were used. Results were mostly in accordance with Simon's 
findings (1923) that head position had a definite influence on the 
form of A.R. evoked ie. head rotation caused "flexion of the s1..-u11 
limbs, extension of the jaw limbs". In some instances, hcwever, 
contradictory reactions ensued which were difficult to explain and 
thus the outcome was largely inconclusive. 
The study of A.R. conducted by Walshe (1923) demonstrated that 
in some cases the type of voluntary movement employed as a stimulus 
had an effect on the response withcut any interaction of head 
position. In the upper limb contra-lateral flexion appeared to 
facilitate A.R. in a flexion direction, whilst contra-lateral 
extension facilitated A.R. in an extension direction. Althcugh 
Walshe was unable to come to any definite conclusions in attempting 
to determine whether a specific relationship existed between the 
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type of resisted motion used as a stimulus and the outcome it 
effected, Brunnstrom considered that it could have important 
therapeutic implications and undertook a second study in 1956. 
Postural conditions were limited to altering head position - median 
or rotated to the right or the left. Stimulus conditions were 
limited to employing either contra-lateral elbow flexion or 
extension. Of the 26 patients tested 88% showed some form of A.R. 
In cases where a definite influence of the contra-lateral motion 
could be seen, it was found that in the upper extremity, with the 
exception of one subject, flexion facilitated flexion and extension 
facilitated extension. When the head was restricted to the 
'neutral', midline position 69% showed a definite flexor 'synergy' 
and an additional 12% demonstrated a milder, less clearly determined 
reaction with the flexion stimulus. Whilst with the extension 
stimulus 46% exhibited a definite extensor 'synergy' and an 
additional 15% demonstrated a milder, less clearly determined 
reaction. In some patients the 'double reinforcement' of head 
rotation (asymmetrical tonic neck reflex) plus voluntary activity 
stimulus was required to elicit A.R. 
Although Brunnstrom's studies were an important attempt to 
determine whether A.R. could be developed as a possible therapeutic 
technique there were some major shortcomings in the investigations. 
The outcome of the A.R. (ie.amount/type of movement) was determined 
and recorded solely by subjective observation, with no quantifiable, 
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objective measure taken. Outcome was also assessed on simply one 
trial and not over a series of trials. TIle studies focussed on the 
effect a 'stimulus' had on the static affected arm, but there was no 
investigation of h.c:M any attempt at voluntary movement was affected 
by the stimulus. Walshe (1923) had attempted to take an objective 
measure of arm movement in his study by recording amplitude of 
movement and the corresponding time sequence with a kymograph 
(p.34), but it is very difficult to determine the clinical status of 
his patient sample since time post-stroke and ability of individual 
patients was not documented. TIle description of one group of 20 
patients with 'spastiC' hemiplegia, infers that the stroke may have 
been of long-standing duration with spasticity predominant. 
Certainly two subjects of four and five years post-stroke were 
mentioned, and patients with earlier onset of stroke do not seem to 
have been included. TIlus although his work was invaluable in 
describing features and characteristics of A.R., it provided only 
limited comment on A.R. in a specific group of patients. Again 
A.R. were only investigated in the static arm, and a series of 
observations or experimental trials does not appear to have been 
used. 
TIle results of the studies by Walshe (1923) and Brunnstrom 
(1956) raised important issues on whether A.R. may be used in 
treatment practice to help re-develop voluntary control. TIlere are, 
as previously stated h.c:Mever, major shortcomings in both 
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investigations which limit the value of their conclusions and thus 
leave the contradictory claims of Bobath and Brunnstrom unresolved. 
Given the dynamic nature of therapy, an assessment of the outcome of 
A.R. on voluntary movement is required to yield more insight into 
the phenomena and help define its therapeutic implications. A broad 
census of data also requires to be established on the prevalence, 
nature and effect of A.R. following stroke and whether or not the 
development of A.R. is related to the degree of spasticity present 
(walshe,1923) . 
Measurement and Movement Analysis -
Traditionally pyschologists have considered movement as a motor 
response, involving measures such as; reaction time (the time it 
takes to prepare the response), movement time (the time it takes to 
execute the response), and accuracy (the amount of error in the 
response). Simply recording the end result of a movement, how=ver, 
reveals little about the motor processes involved in the eKecution 
of the act. What is required Kay argues (1969; cited by 
Higgins, 1977), is a detailed analysis "revealing such features as 
how the skill is being conducted, hcw the role of the limbs 
progressively changes .. ". Evaluative or investigative studies of 
movement require to incorporate some monitoring of the gradual, fine 
changes of motor control which occur throughout a limb and thus in 
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the study of motor skills recording of the kinematic and kinetic 
variables of the movement may be undertaken. 
In the field of human movement studies there are now a variety 
of techniques which enable detailed monitoring and analysis of 
movement patterns eg., video filming, electro-goniometers, polgon, 
and selspot. These permit precise information to be gathered on the 
temporal aspects of the movement and the nature of the movement 
trajectory and they replace subjective observations with hard, 
objective data. This more comprehensive study of movement has 
enabled major theories about the underlying motor control processes 
to be developed and debated (Adams,1971; Jones,1972) and has 
contributed to a much more qualitative and quantitative assessment 
of motor skill (Whiting,1984). For instance, whereas a normal 
velocity profile has typically been found to exhibit one large peak 
covering 93% of the distance, with one small corrective peak at the 
finish (Vince, 1947) , 'multiple sub-movement' profiles have been 
reported following studies of the less skilled movements made by 
infants (Von Hofsten,1980). The approach to be adopted in this 
study will involve a detailed study of the temporal and speed 
characteristics of movement along with any possible discontinuities 
in the trajectory. 
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SUMMARY -
There are many deficits in knowledge about the cause, outcome, 
and treatment management of stroke. The scale of the problem, shown 
by the growing numbers of disabled patients, demands that these be 
rectified and that the potential for influencing the course of 
recovery from stroke and improving the prognosis of survivors be 
optimised, both from a cost-effective and humanitarian view-point. 
Physiotherapy is recognised as the major treatment for stroke 
patients, yet it remains largely unvalidated (Chin,1982). It is 
criticised for being a closed practice not well suited to open 
investigation (Chin,1982) and also for failing to adopt a scientific 
approach using sensitive and valid measurement systems (Duncan et 
al,1983; Michels,1982). There is some evidence of an endeavour to 
adopt scientific prinCiples in treatment, assessment, and to a 
limited degree in research (Carr and Shepherd,1982; Dickstein and 
Pillar, 1983; Fugl-Meyer et al,1975; Hurd et al,1974; Inaba et 
al,1973; Izwin-Garruthers,1984; Mathiowetz et al,1983; 
McPherson, 1981; Mills, 1984; Norton and Sahrmann,1978; Ostendorf and 
Wolf,1981; Trombly and Quintana,1983; Warren,1984). 
Physiotherapists are beginning to look to other disciplines in order 
to develop the necessary skills to undertake such a challenge. The 
theoretical basis and experimental techniques of measurement and 
analysis in biomechanics and the study of normal motor skills offer 
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such support. This study is in part a response to the challenge 
that likens physiotherapy to an "inverted pyramid"; that is a large 
body of practice on a small scientific base (Peat,19B1). 
Associated reactions are reported as an important reflex 
phenomenon, prevalent during recovery follOWing a stroke. They are, 
however, a contentious issue between proponents of two different 
physiotherapy treatment approaches over whether or not they should 
be incorporated in treatment. Although A.R. have been stated to 
have important therapeutic implications (Brunnstrom, 1970), they 
remain largely uninvestigated. In particular there is no evidence 
of the interaction of A.R. with voluntary control. An 
investigation into the effect of A.R. on voluntary movement is thus 
required to resolve these contradictions, to determine how this 
reflex reaction affects motor control, and to identify its place in 
treatment practice. Given the functional importance of the arm and 
its poor level of recovery following a stroke, a study of how motor 
control of the upper limb is affected by A.R. has been undertaken. 
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CHAPTER THREE PROCEDURE 
Overview. 
The procedure Chapter is presented in two parts. Part 1 is the 
major section which deals with the-details of the experimental work 
undertaken. Part 2 covers the questionnaire survey conducted. 
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Part 1 ~ Experimental Procedure. 
The proposed study was presented to the Ethical Committee of 
Addenbrooke's Hospital, Cambridge to obtain their sanction. The 
Consultant in Rehabilitation Medicine agreed to take clinical 
responsibility for the patients involved. 
Selection Procedure 
Patients diagnosed as suffering from a hemiparesis of the upper 
limb as a result of a stroke were selected from the in-patient and 
out-patient populations of Addenbrooke's Hospital. The 
physiotherapists treating these stroke patients cooperated in 
establishing a preliminary pool of subjects who met a set of 
selection criteria. Further assessment was then carried out by the 
experimenter to determine the patients Who were suitable for 
inclusion in the study. The selection criteria defining suitability 
for the study were as follows :-
(i) A willingness and interest to participate. 
(ii) No other limiting medical complications: eg.heart condition; 
painful or arthritic condition of joints in the ann; low 
exercise tolerance. 
(Hi) Ability to sit and stand to perform the task and to cope 
with the experimental situation for a period of 30-40 
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minutes. 
(iv) Ability to perform voluntary elbow flexion and extension 
movements of the affected arm over a 35 degree range. 
(v) Absence of any severe receptive or expressive aphasia; thus 
having ability to comprehend and communicate about the task. 
(vi) No visual field deficit, ego hemianopia. 
(vii) No gross spatial neglect or inattention of the affected limb. 
The standardised procedure followed with all patients referred to 
the experimenter was -
( i) To explain the purpose of the study and determine the 
patient's willingness to be assessed and to participate. 
(ii) To elicit relevant medical history and general 
administrative information on the patient from the medical 
notes and initially gauge suitability for inclusion in the 
study. 
(iii) To discuss the patient's current status, suitability, and 
availability for inclusion in the study (eg. rehabilitation 
treatment time commitments) with the physiotherapist 
involved. 
(iv) To assess the patient generally on various points -
(a) Assessment of comprehension - how the patient coped 
When asked for personal details and when completing the 
questionnaire on A.R. (Appendix I ) . 
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(b) Assessment of visual field - medical notes were 
consulted for any reported hemianopia and a further 
visual 'arc' test was conducted. 
(c) Passive movement of the upper limb was performed to 
assess muscle tone. 
(d) Assessment of motor recovery - a Motor Club Assessment 
was completed (Ashburn,1982). Scoring was conducted on 
the affected arm. 
(v) The patients were familiarised with the equipment and 
assessed for their ability -
(a) To respond to experimental instructions, viz. auditory 
signals and presentation of different task/stimulus 
requirements, and 
(b) To perform the required number of complete task 
movements. 
(vi) The appropriate table height for seated and standing tasks 
was then noted for each patient. 
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Design and Construction of Apparatus. 
The apparatus used included the following 
(a) A Polarised Light Goniometer (Polgon). 
The Polgon (Mitchelson, 1973) , which permits accurate, real-time 
recording of angular displacement and angular velocity as a function 
of time, was used to measure angular changes in the upper limb of 
subjects under study. Small, light-weight optical sensors are 
attached to the limb segments to be monitored. These are 
illuminated by polarised light from a projector, where the plane of 
polarisation of the light rotates at 133 revolutions per second. 
The optical signal is converted to an analogue voltage and recording 
of the angular orientation of the sensors on the limb segments is 
achieved, to better than 0.5 degree.CPb..te5 10.. ard. 1b). 
The Polgon is a very convenient measurement technique to use. 
Several optical transducers may be used at the one time enabling a 
number of body and limb segments to be monitored simultaneously. 
The transducers are easy to apply and are fixed over limb segments, 
not over jOints, and therefore do not interfere with the subject's 
range of movement. The only disadvantages of the Polgon lie chiefly 
in the problem of 'line-of-sight', ccmmon to film techniques and the 
possibility of error if the transducers are rotated more than 10 
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Plate 1a View of the Polarised Light Goniometer. 
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degrees out of 
(Mitchelson,1978). 
the plane nonnal to the line of sight 
set-up However, a rigorous experimental 
eliminates these potential problems. 
(b) Acorn B.B.C. Micro-computer. 
The Polgon was linked to an Acorn B.B.C. micro-computer, so 
that the analogue (displacement) signal from the Polgon could be 
processed through the analogue-to-digHal facility (A/D) in the 
micro-computer. Following the A/D conversion the digital data 
corresponding to the experimental trial, represented as adval units 
(analogue to digital values), was stored on floppy disc on a trial 
by trial basis. This method was chosen to store the Polgon data, in 
preference to either a graphical display with a X-Y plotter or as 
displacement/velocity profiles with an ultra-violet recorder, 
because experimental data could be transformed and operated on with 
soft-ware prograrrnnes, enabling a quicker, more accurate and 
convenient analysis procedure to be undertaken. 
Despite the inherent sampling rate of Polgon (133 hertz), the 
ultimate experimental sampling rate was dictated by the A/D 
conversion rate within the B.B.C. Four A/D channels are available, 
but the greater the number of channels operational, the slower the 
effective sampling rate - ego 4 channels operational = 25 hertz; 1 
channel operational = 100 hertz. A sampling rate at a minimum of 50 
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hertz was considered adequate to handle the potentially low and 
variable velocity movements anticipated with stroke patients. 
Operating on two AID channels enabled both the forearm and upper arm 
to be monitored, but it did compromise the option of extracting both 
the displacement and velocity signal from the Polgon. 'Converting' 
both parameters, each requiring two channels, would have connnitted 
four AID channels, with the subsequent degradation in sampling rate. 
It was considered more important to store the 'raw' position data 
directly on the two available channels, thus maintaining an adequate 
sampling rate, since velocity could be satisfactorily differentiated 
in a soft-ware procedure. 
(cl Table Rig; 
A working surface was required in the horizontal plane, over 
which patients could perform arm movements whilst either sitting or 
standing. The Polgon also had to be safely mounted above, thus 
maintaining a perpendicular relationship to, this horizontal plane 
of movement and any vibration of the equipment had to be avoided. 
No detrimental effects on the operation or output of the Polgon were 
anticipated or noted by rotating it through ninety degrees from its 
conventional stance. The apparatus designed was a self-contained 
unit incorporating a table, with a detachable working surface, and 
an overhead platform to securely support the Polgon. Four vertical 
pillars connected the table and overhead platform and these served 
Page 52 
as adjustable supports for the working surface so that the wide 
variations in sitting and standing heights amongst patients could be 
accOJmnOdated. The work surface was made of polished formica to keep 
frictional resistance to a minimum. (Plo.te.<:> 2. and 3). 
A supported position in the horizontal plane, with the effect 
of gravity counterbalanced, was selected for the experimental task 
so that patients with limited recovery of arm movement could be 
included in the study. The task was also limited to uni-axial elbow 
flexion or extension because a combined shoulder/elbow task would 
have required additional monitoring of the subject's shoulder 
girdle. This would have been impractical given that the 
Polgon/micro-computer interface limited monitoring to two 
transducers. A more complex, combined shoulder/elbow task also 
introduced the possibility of shoulder rotation and shoulder girdle 
action, which could have disturbed viewing of Polgon transducers and 
made measurements more prone to error. The choice of the uni-axial 
elbow movement task was considered satisfactory for the proposed 
study. 
(d) Forearm splint. 
A lightweight splint of balsa wcod, with four very small 
ball-bearings mounted in its base, was also designed to support the 
subject's hand/wrist/and part forearm when it was found that 
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View of experimental task set-up in sitting. 
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Plate 3: View of experimental task set-up in standing. 
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frictional forces were disturbing patients' movements. 
'position' splint was thus introduced to -
(a) reduce frictional resistance between the patient's skin and 
the table surface to a minimum. 
(b) maintain the hand and forearm in a stable prone position. 
This 
(c) fix the wrist and hand, thus limiting wrist joint movement 
and isolating movement to specifically about the elbow joint. 
These points were considered particularly important when 
designing a task suited to the limited movement ability of the 
anticipated patient population, so that as many variables as 
possible in the experimental set-up could be controlled. Excessive 
friction could impede or overwhelm attempts to control movement. 
Poor recovery of distal muscle control could disturb voluntary 
movement of the forearm, through impoverished control of the wrist 
and hand, and thus limit the investigation. It was also decided 
that standardising the forearm position in pronation would enable a 
stable siting of the Polgon transducers on the limb in the 
horizontal plane and thus reduce the possibility of errors of 
rotation being introduced. This would undoubtedly have occurred if 
a semi-prone orientation of the fore-arm had been adopted, given the 
limited ability of many patients to sustain that as a constant 
position. (Plo.ie 4). 
The idea of patients grasping a dowel or similar focal point 
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Plate 4: Close-up view of experimental task, targets, 
and forearm splint. 
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tracking tool in order to match up with possible target sites 
defining the task was initially considered, only to be rejected as 
unsuitable. Not only was there the possibility of introducing 
spasticity in the affected arm due to the increased palmar 
stimulation (Seyffarth and Denny-Brown, 1948), but it would also have 
imposed a further limitation on patient selection if subjects had to 
have sufficient hand function to maintain a grasp position. An 
alternative method had to be found therefore to enable the subject 
to line up the limb with the task target. A narrow, white strip was 
marked out on the top surface of the proposed 'position' splint. 
This had to be lined up with one of two matching strips drawn on the 
table surface serving as START and STOP points. The target strip 
width was 1. 5cm., thus homing in on this target size did not require 
very fine precision and therefore did not unduly interfere with the 
overall task strategy. 
(e) Fixed Spring Resistance. 
A fixed spring resistance, with an attached handle, was 
required so that subjects could make a 'pull' or 'push' action, 
elbow flexion/extension respectively, with the unaffected arm. This 
was securely attached to a fixed point and its position was varied 
as required for the postural changes from sitting to standing. The 
spring resistance had to be sustained as an isometric 'hold' whilst 
undertaking a voluntary movement with the affected arm and was 
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intended to isolate resisted activity to either biceps or triceps, 
respectively. 
Standardised Test Procedure. 
Experimental testing in both the pilot study and the main 
experiments essentially involved a series of four conditions, 
combining different directions and stimulus conditions for the 
movement task. The movements were discrete, target-directed elbow 
flexionand extension tasks. They were as follows -
Elbow extension without additional stimulus ~~ 
Elbow extension with additional stimulus ES 
Elbow flexion without additional stimulus FNS 
Elbow flexion with additional stimulus FS 
During the pilot study testing was limited to these four conditions, 
all performed in sitting. The four experimental conditions had to 
be performed in both Sitting and standing postures during Experiment 
One and Experiment Two, making a total of eight conditions in each. 
A.R. Stimulus Conditions : 
The resisted activity performed by the unaffected arm (stimulus 
condition) varied in each of the experiments. In the pilot study 
the stimulus activity involved a strong hand clench along with a 
resisted isometric contraction of the elbow flexors. The handle of 
the spring was padded for this purpose. In Experiments One and Two, 
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however, the hand clench was excluded and resisted activity was 
deliberately restricted to the elbow flexor and elbow extensor 
groups of the unaffected arm, respectively. 
Test sessions for all patients were carefully chosen to avoid: 
mental and physical fatigue following treatment; drug interference 
effects; diurnal changes; patient harassment; or interference with 
an established rehabilitation programme. Sessions were arranged 
several days in advance where possible, and were held at a constant 
time of day. Subjects were allowed two practice trials for each of 
the four types of experimental tasks, prior to recording. During 
recording approximately one to one and a half minute rests were 
given between experimental trials, with up to three minutes rest 
allowed before each of the four experimental conditions. A series 
of thirty-two trials could therefore take up to forty-five minutes. 
Since thirty-two trials were required for both sitting and standing, 
totalling sixty-four trials per experiment, these were tested over 
two separate sessions. These sessions were conducted with all 
subjects on consecutive days. 
The Polgon was always switched on for several minutes prior to 
the test session to enable the machine to 'warm-up' and the output 
to stabilise. calibration of both Polgon transducers was conducted 
at the start of each session. Table height was adjusted for each 
subject so that in either a sitting or standing posture both arms 
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were resting on the work surface, with shoulders comfortably 
supported in the horizontal plane and the biacromial line level. 
The subject was required to keep his sternum in contact with a foam 
pad which was adherent to the centre of the outer edge of the table 
surface. This position was held throughout and helped to ensure a 
central posture with trunk and shoulder girdle stability, thus 
preventing trunk movement from contributing to the task. 
The affected upper arm and forearm, with the forearm placed in 
the prone position, were positioned on the movement plane. The two 
optical transducers were applied with their long axes along the long 
axis of the shafts of the humerus and radius respectively. They 
were held in position by adhesive tape. The light-weight balsa wood 
splint was placed along the palmar surface of the hand, extending 
midway up the forearm, thus ensuring that the forearm and hand 
effectively became one segment. Arr<i clothing on the arm was removed 
and a clear, uninterrupted view of the transducers was established. 
The nature of the movement tasks and the general experimental 
procedure, first outlined during the assessment session, were 
carefully explained as follows. The subject was instructed to keep 
the upper arm as static as possible and execute a simple uni-axial 
flexion or extension of the forearm over a deSignated arc of 35 
degrees. The flexion and extension tasks were at first assisted by 
the experimenter, with emphasis on making an accurate movement to 
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the target. The subject then practised the task with the affected 
arm, both with and without the simultaneous, contra-lateral activity 
of the unaffected arm. The subject was then instructed in the 
specific sequence of commands preceeding each trial. First, was the 
preparatory connnand, "Ready". This was closely followed by the 
'start tone' emitted by the micro-computer, when it was triggered to 
start sampling. The subject was required to start the task 
immediately on hearing this tone. In trials involving the stimulus 
condi tion the "Ready" command was replaced by the connnand "Pull" or 
"Push" which required the subject to perform the A.R. stimulus 
activity with the non-affected arm. This also effectively 
instructed the subject to be ready to await the auditory tone 
signalling the affected arm task. This sequence was repeated until 
the subject and the experimenter were satisfied that the 
instructions were understood and that the task performance was 
adequate. 
The subject was finally reminded that he should state at any 
time if he felt unwell, fatigued, or wished to stop the experiment 
and that rests would be given whenever they were required. He was 
also reminded that the general rule throughout was to keep the trunk 
posture steady, to perform all movements as "quickly and as 
ac=ately as possible", and that the sequence of instructions 
preceeding each trial would be unvarying. Two static position 
records of the forearm were taken at the start and finish targets 
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for each subject at the outset of the session. The subjects, 
without any apparent exception, participated enthusiastically with 
this procedure. 
The data collection procedure with the Polgon varied between 
the pilot study and the main experiments. As stated previously the 
Polgon sampling was triggered in the pilot study at the point when 
the micro-computer· emitted a 'start tone'. During the main 
experiments the sampling time was increased to include the period 
when the stimulus activity was performed with the unaffected arm, 
prior to the actual experimental task. Monitoring of the affected 
arm thus took place prior to and during movement so that any 
immediate response to the stimulus activity could also be noted. In 
all instances data sampling ceased when the subject reached the 
FINISH target or when the movement was judged to have stopped by the 
experimenter. 
Experimental DeSign. 
There were essentially four different types of task in each 
experiment; ENS, ES, FNS, and FS. The decision to design the 
experiments in this way was taken for two main reasons. Firstly, 
flexion and extension movements were compared separately because a 
difference in performance was anticipated between the two 
directions, even without introducing any stimulus condition. This 
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distinction was made because flexion and extension movements are 
known to recover at different rates (Twitchell,1951). Secondly, 
different directions of stimulus condition resistance were selected 
for Experiments One and Two, resisted flexion and resisted extension 
respectively, so that outcome could be compared separately over 
flexion and extension tasks. Although a general comparison was made 
between movements performed with and without additional stimulus 
activity, a comparison of the effects and interaction of matching or 
opposing the direction of movement task and stimulus resistance, 
enabled a more detailed analysis of the effect of invoking A.R. to 
be undertaken. 
The pilot study consisted of four experimental conditions, with 
five trials in each condition. These conditions were presented in a 
fixed order, ENS, ES, FNS, and FS for various reasons. Firstly and 
principally because of the comprehension difficulties experienced by 
patients in coping with a random presentation of 20 trials across 4 
conditions and secondly as an attempt to ensure the optimum 
performance of each movement task. The latter point was based on an 
observation by Brunnstrom (1956). She considered that stroke 
patients' movement performance could be influenced by the order of 
presentation of task directions if a stimulus condition was involved 
and thus suggested that non-stimulus tasks should be presented 
before stimulus tasks and that extension movements should be 
presented before flexion. Brunnstrom considered that since the 
Page 61 
effect of invoking A.R. in the static arm was stated to cause a 
flexor movement or increased flexor tone (Brunnstrom, 1956 
walshe, 1923) , non-stimulus tasks should be grouped together and not 
be preceeded by stimulus conditions, since their outcome might be 
biased by possibly introducing an increased flexor tone. She also 
stated that extension tasks should be presented before flexion tasks 
so that an optimum performance of extension could be achieved before 
undue fatigue occurred. This was reasoned on the basis that 
extension movements are generally considered to be weaker than 
flexion and also because of the potential bias of the A.R. stimulus 
in a flexion direction. An ordered presentation of conditions was 
thus adopted in the pilot study to assess the merits of all the 
fore-stated points. 
This fixed order of twenty trials, five trials times four 
condi tions, was repeated twice within one session in the pilot 
study, Where possible. Five trials per condition was initially 
selected because in some preliminary work with patients twenty 
trials, plus a few practice trials, was the maximum number that some 
patients could cope with in one session. However in some instances 
up to eight to ten trials per condition (ie. a total of forty 
trials per session) could be performed satisfactorily. It was 
decided therefore to compare the outcome of successive trials of a 
given condition in the first set of twenty trials with the same 
condition in the second set of independent trials within the same 
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session. Fatigue and practice effects could thus be monitored and a 
criteria for determining the optimum, total number of trials in a 
session could be established for the main experiments. 
Experimental conditions were randomly assigned to each subject 
in Experiment One and Two and not fixed as in the pilot study. This 
only applied, however, to each of the four experimental conditions 
for either sitting or standing and not across the entire eight 
conditions. Constantly changing between sitting and standing 
postures in order to randomise presentation across the eight 
conditions would have been neither practically possible nor 
desirable for the patients taking part. Thus there was a random 
allocation of the order of the postural set, either sitting or 
standing, first of all for each subject. This was then followed by 
randomisation of the order of the four experimental conditions. 
This decision was made because the fixed order of experimental 
conditions which occurred in the pilot study, requiring stimulus 
tasks to be presented before non-stimulus and extension tasks before 
flexion, was no longer considered acceptable. Although no clear 
effect of the fixed order could be demonstrated in the results, it 
was considered to be a potential problem which might influence 
outcome. A randomised order of conditions was therefore adopted. 
Two changes were also made from pilot study to main study in 
the sampling procedure. Firstly, data sampling by the Polgon now 
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occurred throughout the entire command sequence previously described 
(p.58), so that it corrnnenced with the "Ready" prompt, preceeding the 
'start tone', rather than being triggered to start at the auditory 
tone. This change was made so that recording of any involuntary 
movement which might occur during execution of the stillUllus activity 
with the unaffected arm could be made, in addition to also sampling 
the movement task. Secondly, the time period between the 
preparatory verbal command and the auditory tone to move was 
randomised by the software prograrrnne initiating and handling the 
data sampling. Whereas before the experimenter commenced data 
sampling, and thus effectively controlled the time lapse between 
"Ready" and the 'start signal', this was now randomised within a 
pre-determined time period by the software programme. This change 
was made to try and limit subjects cueing on the verbal corrnnand, 
with the accompanying potential anticipation of the auditory tone 
and also to reduce the experimenter's involvement. 
Calibration of the Polgon. 
Method 
Two static calibrations were conducted to determine whether in 
the first instance the analogue output of the Polgon was linearly 
proportional to the angular change of the transducer and secondly 
whether adval units, which were the result of the analogue to 
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digital conversion process performed by the B.B.C. micro-computer, 
were linearly proportional to the angular change of the transducer. 
Each Polgon transducer is capable of giving almost a full 360 
degrees range of signal, but there are two arcs, of approximately 5 
degrees each, at which a random, unreliable signal is generated. 
This effect is created by the alignement of the two optical sensors 
on the transducer and thus bisects the continuous range of 
measurement to two arcs, each of 170 degrees (approx.), with 0 
degrees and 180 degrees acting as the 'flip-over' points. Only one 
of these 170 degree arcs was to be employed in the measurement to be 
undertaken. Orientation of the transducer on the limb segment was 
therefore important in order that the range of movement required was 
optimally situated within the reliable sensor range of the 
transducer. 
The Polgon transducers were thus aligned and fixed onto small 
light-weight aluminium strips (5cm x 1.5cm) , in the optimum 
orientation for the required upper and forearm movements, before 
calibration was conducted. The aluminium strips provided both firm 
anchorage for 
applying the 
the transducer and adequate fixation points for 
transducer onto the subject's limb. They also 
facilitated correct siting of the transducers on the arm, such that 
the long axes of the aluminium strips could readily be placed along 
the long axes of the limb segments. A small board was also designed 
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to enable both transducers to be simultaneously rotated through 
their respective 170 degree ranges, thus increasing speed and 
accuracy of calibration sessions. The central pivct of this device 
could be adjusted to enable repositioning of the transducers for 
calibration of both right and left arm set-ups. 
Analogue(Angle Calibration -
Calibration was conducted for each transducer at successive 10 
degree increments, from an arbitrary fixed zero, through the 170 
degrees range. Direct voltmeter readings, taken from the analogue 
output of the Polgon, were matched with successively incremented 
angles measured in degrees. During two successive series of 
measurements with each transducer a linear relationship was found to 
exist between voltage and angle measured. The gradient of the 
best-fit, straight line was 0.007 V.d and the maximum voltage noise 
which was measured was 2mV peak to peak, which corresponds to +/-
0.125 degrees. 
Adval/Angle Calibration -
The same calibration procedure was then conducted for each 
transducer through a 170 degrees range to determine the linearity of 
the relationship between the converted adval unit (analogue to 
APf&JDlY.llL 
digital value) and the angle measured. A computer programmetwas 
written to enable an adval/angle calibration check to be conducted 
rapidly before every experimental session. A reading of adval units 
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was taken for six seconds at each successive angular position. This 
time interval was selected because it was the maximum length of 
sampling time anticipated with patients. This was established in 
some preliminary movements made by stroke patients. The mean of 
this reading was considered to represent the digital value (adval) 
corresponding to the angular position and again a linear 
relationship was found to exist between the adval unit and angle 
measured. The maximum noise, error variance in readings over the 
six second sampling period, was +/- 2 adval units, corresponding to 
an angular error of +/- 0.46 degrees. 
A ratio conversion factor, adval/degrees, was also calculated 
from the calibration readings. Raw adval data were always converted 
to degrees using this ratio factor before any filtering out of 
higher frequency I noise I by smoothing or velocity calculations were 
conducted. All subsequent references to experimental measurement 
units were made in degrees. 
Polgon Data Handling. 
The analogue output from the Polgon was converted to digital 
data by a hardware link with the B.B.C. micro-computer. A computer 
programme (Appendix.1[) was written to store the data (advals) on 
floppy disc, trial-by-trial, so that they could subsequently be 
processed through another computer progrannne (Appendix Ill) . This 
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programme converted advals to degrees and then operated a three 
point, running average 'smoothing' routine before calculating 
velocity (algorithm on p.69). Since the effective sampling rate of 
data was 50 hertz, it was decided that smoothing over a group of 
three points, frequency 16.6 hertz, would be adequate and would be 
unlikely to mask any interesting features in the velocity profile. 
Smoothing with a larger group of five points, frequency 10 hertz, 
was rejected as this was approaching the frequency of normal 
physiological tremor and might cause distortion of the data. This 
computer programme was also designed to output all experimental 
trial data records, both smoothed position and velocity data 
records, along with their corresponding numbered data sample point. 
The latter could then be converted to the appropriate movement time. 
Displacement and velocity data records for each trial were viewed 
and examined by the experimenter in order to extract and tabulate 
the measurement variables of interest. 
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Measurement Variables. 
A kinematic analysis of arm movement was to be undertaken to 
gather precise information on the temporal aspects of movement and 
the nature of the movement trajectory. Given the likelihood that 
stroke patients would make slow, variable, and possibly jerky 
movements the following measures were selected for investigation -
(i) Reaction time (R.T.) 
(ii) Mean velocity (M.V.) 
(iii) Peak velocity (P.V.) 
(iv) Time to peak velocity (T.P.V.) 
(v) Number of Sub-movements (S.M.) in velocity profile. 
Reaction time 
Reaction time was examined so that any change in preparation 
for movement, as opposed to its execution, could be identified. It 
is defined here as the time taken from the command to move to the 
start of movement and is measured in seconds. Movement time is 
defined as the time from commencement to cessation of movement. 
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Mean Velocity 
Mean velocity was selected to measure the speed subjects 
calculated by attained throughout the movement task. It was 
dividing the angular difference between start/finish displacement 
values by the task movement time. The measurement units are 
reported in degrees per second. It was considered a more suitable 
variable than simply movement time or distance covered, because of 
the slight trial-by-trial variability of these latter two variables 
amongst patients. This occurred despite the fact that all subjects 
endeavoured to cover the task distance "as quickly and as accurately 
as possible" and even though all the control variables (test 
condi tion, task strategy, postural condition) were held as constant 
as possible. 
Peak Velocity 
Peak velocity, representing the highest speed/s attained during 
task performance, served to quantify the ability to make a fast 
movement. Angular velocity, reported in degrees per second, was 
calculated for each experimental trial by processing the algorithm 
(J+2)-(J)/0.04 through the displacement data, where 0.02 second 
corresponds to one sample point (frequency 50 hertz). Peak velocity 
was chosen as a variable of interest because of the difficulty 
stroke patients have in making a fast movement. In a normal, 
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skilled movement typically only one large peak of velocity occurs, 
covering 93% of the distance, with one small corrective peak at the 
finish (Vince,1947). The velocity profile was therefore studied to 
determine the size of the peak velocity and whether more than one 
occurred. 
Time to Peak Velocity 
Time to peak velocity was measured from the start of the 
movement to the point when maximum angular velocity was calculated 
to have occurred. It was chosen to quantify the timing 
characteristic of task performance and measurement units were 
reported in seconds. Although a normal skilled movement exhibits a 
consistent and rapid rise to peak velocity, any disturbance in motor 
control may cause an increase in the time taken to peak velocity, 
resulting in a slower and therefore altered velocity profile. 
Number of Sub-movements 
Assessing the number of sub-movements in a movement trajectory 
has proved a useful comparative measure of the quality of the 
movement (Von Hofsten, 1980) , and was chosen as a variable of 
interest in an attempt to quantify the smoothness and therefore 
coordination of task performance. Typically a normal velocity 
profile exhibits one large peak of velocity, reflecting one 
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sub-movement in the trajectory. Corrections to movement or 
incoordination of movement have been shown, however, to cause a 
large number of peaks of velocity in the profile (Van Hofsten,1980). 
The trajectory can thus be partitioned into component 
I sub-movements' , representing where multiple peaks or 
'discontinuities', actual pauses/stops in movement, occur. In this 
study the peak/s of velocity, which had been calculated by the 
afore-mentioned algorithm, or pauses in the movement, were 
identified from the velocity record for each trial in turn. 
Criteria for Angular Velocity. 
The start of velocity was defined at the moment when the first 
difference greater than 0.5 degrees occurred between consecutive 
points in the displacement record. Similarly the end of the 
velocity was defined when the difference between consecutive 
displacement points fell to below 0.5 degrees. The decision to 
select 0.5 degrees was made on the basis that a range of +/- 0.46 
degrees was the maximum 'noise', error variance in readings, 
occurring at anyone time during calibration procedures (sampling 
rate 50 hertz). These calibration readings were taken over a 
sampling time of 6 seconds, with the transducers placed on the 
patient's static limb. Since there were no clearly defined criteria 
in the literature for determining velocity threshold, this criteria 
was considered satisfactory in that it was above the 'noise' level 
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in the system, but was still sensitive to small changes in movement 
and was thus adopted. In all instances the experimenter was 
satisfied that this arbitrary decision did coincide with the 
start/finish of the normal rise/fall in the velocity profile. 
If the velocity profile showed successive increases and 
decreases in values, rather than a smooth, continual rise and fall 
in values with one peak of velocity, as previously stated, these 
various peak values ~re noted. Each peak was then considered as 
demarcating a sub-movement within the profile. A further criteria 
was set ~r to define What would be considered as a sufficient 
rise and fall in values so that excessively small and variable 
fluctuations in the profile would not be incorporated. After 
preliminary studies and examination of a series of velocity profiles 
it was decided that a suitable threshold change was Where a rise or 
fall in values before or after each peak, respectively, had to 
exceed 25% of the value of that peak, before the change in velocity 
was deemed sufficient to have constituted a sub-movement. Again in 
all trial records the experimenter was satisfied that the criteria 
set was the optimum and that the results ~re not distorted. 
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Analysis of Data. 
Reliability -
To define the reliability of the method of measurement used, 
the standard error of measurement, Smeas, and the coefficient of 
reliabili ty, rI' were calculated as statements of the precision of 
measurement and the consistency of discrimination among subjects, 
respectively. Both patient and normal samples were tested 
repeatedly, under the same test conditions, over each of the 
experimental conditions. Systematic changes of fatigue and practice 
were kept to a minirrrum and results for each of the measurement 
variables were compared and analysed. The Smeas and r I. were 
calculated as follows from a one-way, repeated measures design 
ANOVA, with trials as a factor. The ANOVA and subsequent 
calculations were performed on successive trials of each 
experimental condition in each sample. 
Smeas =J MS S'T calculated by taking the square root of the error 
variance, ie. Mean Square (Ss x Trials). 
r = MS - MS calculated by computing the error variance as a 
I 5 S.T 
MSs proportion of the total variance and subtracting 
this from unity. 
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Measurement Variables -
All the measurement variables of interest were extracted and 
tabulated for all trials and across all subjects, along with any 
comments by the experimenter. The mean and standard deviation about 
the mean were calculated for each of the experimental conditions 
from the trials undertaken. This was done across all the 
measurement variables, for each subject in turn. Mean values for 
individual subjects and the group mean value, with standard error, 
were then plotted to determine any trends in the data. This was 
again done for both patients and normal subjects across each of the 
variables. An analysis of variance (ANOVA) was then conducted on 
each measurement variable, for patient and normal samples in turn, 
to determine if any of the trends in the data were significant or 
not. In the pilot study the ANOVA was a two-way, repeated measures 
design, testing across factors direction and stimulus, whereas in 
the main study it was a 3-way repeated measures design in order that 
direction, stimulus and additionally posture could be tested for 
significant main effects or interactions. 
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EXPERIMENTS UNDERTAKEN 
PILOT STUDY -
AIMS : 
(i) To determine the reliability of the method of measurement 
used. 
(11) To establish design and procedure criter1a for the 
subsequent main study, ego number of trials per experimental 
condition, 1e. determine fatigue, practice effects. 
(iii) To test the hypothesis that invoking A.R. (stimulus 
condition) alters the execution of a discrete, voluntary 
movement ie. determine Whether there is an effect of the 
independent variable on the measurement variable. 
APPARATUS 
VARIABLES 
as described earlier on p.49-54. 
Attribute Variables 
Measurement Variables 
- Subject State Patients 
Normals 
Side affected Dominant 
Non-Dominant 
- Reaction Time 
Mean Velocity 
Peak Velocity 
Time to Peak Velocity 
Page 76 
Independent Variables - Factors: Direction (2 levels) 
StiJmllus (2 levels). 
Control Variables 
COMMENT : 
- Postural constancy 
Task strategy constancy 
Test condition constancy 
The A.R. stiJmllus in the pilot study involved a resisted, isometric 
elbow flexion, combined with a strong hand clench. 
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EXPERIMENT ONE -
AIMS 
(i) To determine whether and to what extent invoking A.R. with a 
resisted contra-lateral flexion activity alters the execution 
of a discrete, voluntary movement task. 
(ii) To determine the main effects and interactions which occur 
during movement tasks when changes are made in stimulus 
conditions, posture, and task direction. 
a) Does varying the posture from sitting to standing affect 
task performance ? 
b) What is the relationship between task direction and the 
level of stimulus ? 
c) Does matching or opposing the direction of the movement 
task to the flexion stimulus activity improve or degrade 
task performance ? 
d) What is the relationship between postural status and the 
level of stimulus ? 
e) What is the relationship between postural status and task 
direction ? 
f) What is the relationship between postural status, task 
direction, and level of stimulus ? 
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as described. APPARATUS 
VARIABLES 
Attribute Variables 
Measurement Variables 
Independent Variables 
Control Variables 
C~: 
- Subject State Patients 
Normals 
Side affected Dominant 
Non-Dominant 
- Reaction Time 
Mean Velocity 
Peak Velocity 
Time to Peak Velocity 
Number of Sub-movements 
- Factors : Direction (2 levels) 
stimulus (2 levels) 
Posture (2 levels) 
- Postural constancy 
Task strategy constancy 
Test condition constancy 
The A.R. stimulus activity was a resisted, isometric elbow flexion. 
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EXPERIMENT 'lW) -
AIMS 
(i) To determine whether and to what extent invoking A.R. with a 
resisted contra-lateral extension activity alters the 
execution of a discrete, voluntary movement task. 
(ii) To determine the main effects and interactions which occur 
during movement tasks when changes are made in stimulus 
conditions, posture, and task direction. 
a) Does varying the posture from sitting to standing affect 
task performance ? 
b) What is the relationship between task direction and the 
level of stimulus ? 
c) Does matching or opposing the direction of the movement 
task to the extension stimulus activity improve or degrade 
task performance ? 
d) What is the relationship between postural status and the 
level of stimulus ? 
e) What is the relationship between postural status and task 
direction ? 
e) What is the relationship between postural status, task 
direction, and level of stimulus ? 
APPARATUS 
VARIABLES 
as described. 
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Attribute Variables - as described for Experiment One 
Measurement Variables- as described for Experiment One 
Independent Variables- as described for Experiment One 
Control Variables - as described for Experiment One 
COr-MENT : 
The A.R. stimulus activity was a resisted, isometric 
extension. 
elbow 
PART 2 
QUESTIONNAIRE SURVEY. 
Introduction 
Various investigators have 
characteristics of A.R. and 
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commented on the prevalence and 
their possible relationship with 
spasticity (Brunnstrom,1956; Mll1ley,1982; Simons,1923; Walshe, 1923) , 
but a broad data base has never been established on the subject. It 
was decided therefore to survey a broad cross-section of stroke 
patients from Addenbrooke's Hospital, Cambridge and Hinchingbrooke 
Hospital, Huntingdon using a questionnaire method, in order to try 
and determine the prevalence, nature, and intensity of A.R. in the 
hemiparetic arm. A questionnaire was thus developed which included 
questions related to the different types of stilll\lli that have been 
reported to invoke A.R. and also questions about the state of 
lII\lScle tonus in the upper limb in various postures. It was designed 
to fulfill the following aims and to determine -
(1) The % of the sample showing (a) some kind of A.R. 
(b) a particular category of A.R. 
(2) The relationship between the occurrence and intensity of A.R. 
and the state of lII\lScle tonus, ie. degree of spasticity 
present. 
(3) The relationship between the prevalence of A.R. and 
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(a) the side of hemiparesis. 
(b) the length of time post-stroke. 
(4) The intensity, location, and frequency of occurrence of the 
various categories of A.R. 
(5) The relationships between the various categories of stimuli 
invoking A.R. 
PROCEDURE 
Selection of the Survey Population -
All patients who were diagnosed as having suffered a 
hemiparesis as a result of a stroke were considered for inclusion in 
the questionnaire sample, irrespective of the level of recovery of 
the affected arm. They were selected from the in-patient and 
out-patient populations of Addenbrooke's Hospital, Cambridge and 
Hinchingbrooke Hospital, Huntingdon. The Consultant in 
Rehabilitation Medicine permitted access to patients' records and 
supported the introductory letter asking patients whether or not 
they would be prepared to participate in the questionnaire. The 
only criteria that subjects had to satisfy was to have sufficient 
comprehension and short-term recall to answer the questiOns 
reliably. Subjects were not expected to write down their responses, 
simply to tick various options 
questionnaire. Level of mental 
in a multiple choice format 
ability was initially determined 
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from the patients' medical notes and subsequently confirmed either 
by a short interview with the patient or by a report from medical 
staff involved with the patient. 
Design of Questionnaire -
The questionnaire was a seven page document (AppendixT), with 
an accompanying letter explaining why and by whom the questionnaire 
was being conducted and outlining it's purpose. The questionnaire 
was preceeded by a series of brief instructions in hew to complete 
it and there was also a statement reassuring subjects that they 
should not interpret an apparent positive or negative response to 
the questions, as being representative of the status of their 
affected arm. A closed response format questionnaire was designed 
with multiple choice answers. Subjects were required to rank their 
responses on either a three or five point scale by entering a tick 
in the appropriate box. At the end of the questionnaire they were 
asked to comment in a space provided, if they had been unable to, or 
had any difficulty in, answering any of the questions. Subjects 
were also asked if anybody else had assisted them in answering the 
questionnaire and whether or not that person had influenced their 
response, so that if necessary these questionnaires could be 
excluded from the sample. 
The questionnaire was divided into three main sections. The 
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questions in the first two sections were included to determine the 
level of muscle tonus subjects perceived in the resting hemiparetic 
arm. Subjects were required to observe and report the responses 
which occurred in the affected upper limb, when they carried out a 
series of instructions, in either a sitting or standing postures. 
Questions were divided into these two groups, sitting and standing 
respectively, so that a comparison could be made between responses 
reported in the arm when a postural change was introduced 
(Bobath,1970) . Questions were grouped into these two sections, 
principally for convenience, thus avoiding unnecessary changes of 
posture, but also to standardise the outcome in case postural change 
did affect the response in the hemiparetic limb. SUbjects were 
instructed to miss out standing if they were unable to maintain this 
posture and instead pass on immediately to the third section. In 
this section, subjects were required to recall the responses in 
their hemiparetic arms to a number of set situations which have been 
reported to invoke A.R. These questions were designed to determine 
the nature, intensity, and frequency of the A.R. response and they 
involved the subject's reaction to various types of semi-reflex 
stimuli and the use of voluntary activity elsewhere in the body, €.3. 
~o.U)(\, cco:Ih., Sta.rt\Q., clet'Ch, Cldi\li.t:J ' aJ"Id woJ\:.. 
The general lay-out of the questionnaire was kept as simple as 
possible. All sections and questions were clearly headed and all 
questions were underlined. The particular postural settings or 
tasks or events to which the questions referred were clearly 
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detailed at the outset, in order to try and standardise the 
situation across all subjects. Questions were kept as simple and 
concise as possible and were carefully phrased in order to avoid 
biasing the response or introducing ambiguity. 
The system used to score the responses to all these questions 
was either a three or five point scale. The scores were graded from 
zero to a maxinnnn of three or five and they represented the 
intensi ty of the response or lack of it, when assessing the 
subject's perceived level of muscle tonus or response to A.R. 
stimuli, respectively. Thus, a maximum score represented either a 
strong perceived, spastic reaction of the arm or a large response to 
the stimulus provoking the A.R. The former response was defined by 
the degree of tightness felt in the hemiparetic muscles and the 
change in observed position of the limb, whilst the latter response 
was represented by the accumulated score of the responses to 
questions 
outcome. 
on the intensity, location, and frequency of A.R. 
Data Handling -
Individual questionnaires were scored by the experimenter and 
two data matrices were constructed. One matrix contained the scores 
for individual questions across all subjects. The second matrix 
contained the total, cumulative scores for all the questions related 
Page 86 
to A.R. and to spasticity for each patient, along with the 
corresponding details of time 
each individual. Description 
post-stroke and side of lesion for 
and analysis of the data was 
undertaken for both the aggregated scores of A.R. and spasticity 
and for the individual scores for all subjects. 
First of all, frequency counts were conducted on the total 
scores gained by each subject for A.R. and spasticity and the 
distributions of the sample scores' were presented in the form of 
histograms. The results of subjects aggregated scores for A.R. and 
spastici ty were then reported in terms of the percentage of the 
sample under study who had shown some kind of positive response to 
A.R. and/or spasticity. Subjects who had failed to score on the 
relevant categories were excluded. 
This procedure was then repeated with various, selected groups 
of subjects representing those subjects who had suffered right/left 
hemiparesis and also the five groups defined by the time interval 
elapsed post-stroke. This breakdown enabled a more detailed 
analysis of particular groups of subjects, so that any difference in 
the percentage of their sample of subjects, who exhibited either a 
response to A.R. or a perceived change in the level of muscle 
tonus, could be compared with the main sample. The particular 
responses of subjects in the main sample, to the individual 
questions within each category of A.R. and spasticity, were also 
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calculated in the form of percentages of the sample, to determine 
the descriptive statistics in specific instances. In the breakdown 
of individual scores for A.R., a frequency count was conducted on 
the total numbers of and different types of A.R. category scored 
for each subject in the main sample. This procedure was also 
repeated for all the other selected groups (ie. time post-stroke 
and side of lesion). All results were again reported in terms of 
the percentage of subjects in the various samples under study who 
exhibited a positive response to a particular category of A.R. and 
the total number of A.R. responses they showed. Additional 
information on the intensity, location, and frequency of an A.R. 
response was also examined for each of the individual categories of 
A.R. stimulus. 
( !\nr:!of\'S '( ) 
Parametric correlations"were then conducted both on individual 
subjects' aggregated scores for A.R. and spasticity, along with the 
corresponding side of lesion and time post-stroke in each instance, 
and also on the individual scores for all subjects, across all 
questions. 
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CHAPTER FOUR RESULTS. 
Overview. 
The results are presented in two parts. Part 1 deals with the 
results of the experiments undertaken, with the results of the Pilot 
study preceeding those of Experiments One and Tw:l. In Part 2, the 
results of the questionnaire survey are presented. 
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PART 1 
Reliability Studies -
The reliability coefficient standard error of 
measurement (Smeas), calculated for each of the measurement 
variables in the pilot study, are presented in Table 1. A high 
intra-class correlation coefficient value (rI ) was produced in 
almost all instances, but values did range from as low as 0.68 to a 
very high 0.99. The results obtained for the Smeas and reliability 
coefficients were generally satisfactory, thus demonstrating the 
reliabl1i ty of the measurement data and indicating the consistency 
with which the tests discriminate between the subjects over 
experimental trials. The relatively low coefficient value (0.68) 
which occurred for normal subjects, on the variable time to peak 
veloci ty , may be explained by a possible anticipation of the task 
canmand signal, thus leading to differences in task performance. As 
previously discussed, a change was made in the procedure for the 
main study to take account of this potential effect. A1 though care 
nrust always be taken in interpreting reliability studies, these 
results are considered a satisfactory basis for undertaking analysis 
of the measurement variables across the experimental conditions. 
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Table 1 Reliability Coefficients (rI.) and Standard Errors of 
Measurement (Smeas) for the Pilot study, for the four 
measurement variables in both patient and normal samples. 
CONDITIONS 
PATIENTS 
EXTENSION E'LEXION 
VARIABLES NS S NS S 
R.T. rI 0.96 0.94 0.99 0.99 
Smeas (10.23) (10.57) (4.85) (6.86) 
M.V. rI 0.87 0.96 0.91 0.92 
Smeas (20.32) (9.43) (17.4) (16.3) 
P.V. r I 0.97 0.97 0.98 0.97 
Smeas (22.15) (22.11) (21.48) (24.19) 
T.P.V. r I 0.98 0.95 0.98 0.99 
Smeas (13.92) (19.65) (8.82) (8.64) 
NORMALS 
VARIABLES 
R.T. r I 0.86 0.73 0.89 0.90 
Smeas (1.89) (4.42) (2.02) (3.11) 
M.V. r~ 0.88 0.87 0.82 0.91 
Smeas (19.62) (3.98) (29.53) (26.08) 
P.V. r I 0.97 0.90 0.96 0.97 
Smeas (25.38) (35.41) (31.54) (24.16) 
T .P. V. r:r 0.81 0.68 0.89 0.79 
Smeas (2.14) (4.23) (2.9) (19.7) 
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PILOT STUDY. 
Forty-two patients out of a total of sixty successive 
admissions to Addenbrooke' s Haspi tal were referred to the 
experimenter over a 3 month period (August-November 1984) for 
possible inclusion in the pilot study. TIle eighteen stroke patients 
not included were discounted because of their general condition 
(unconcious; no voluntary movement) or other medical cOlTplications 
(heart condition; painful shoulder; arthritic jOints). Only nine 
out of the forty-two patients (21.4%) satisfied all the selection 
criteria (see page 47) and were included in the study, that is 15% 
of the total number of patients admitted (Tables 2 and 3). Four 
heal thy adults with no history of neurological disorder were 
included as a control group. 
Table ~..:. Summary of Patients and Normal SUbjects. 
PATIENTS NORMALS 
Numbers 9 4 
------.---
-----------------------. 
Age(yrs) 59.7 
27 - 74 
------------------------------------
Sex 
Side of 
Paralysis 
Male 
Female 
Right 
Left 
2 
7 
5 
4 
-------------------------------
Time post 
stroke(wks) 
Mean 
Range 
9.6 
4 - 24 
70.2 
67 - 75 
2 
2 
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Table ~ = SUbject Profile. 
PATIENTS 
SUbject 
+ 
Age 
64 
Hemiplegia Time>CVA Male/Female 
R 12 F 
---------------------,---, 
• 70 R 6 M 
----------------------------------
71 L 4 M 
• 74 L 12 F 
o 64 R 24 F 
o 39 L 6 F 
-----------------------------
x 70 
59 
27 
NORMAL SUBJEcr5 
Subject 
X 
o 
Age 
73 
71 
72 
R 
L 
R 
Male/Female 
M 
M 
F + 
• 
-----------
70 F 
6 F 
8 F 
9 F 
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The results of the descriptive statistics conducted on the selected 
measurement variables are presented for each one in turn. Results 
of the data analysis are presented at the en:i of the pilot study 
results and are summarised in Table 16. 
REACTION TIME 
The mean values of reaction time for individual subjects, along 
wi th the sample mean and standard error, are tabulated for the two 
groups over the four experimental conditions in Tables 4 and 5, with 
the trend across the data presented graphically in Figures 1-3. The 
graphs indicate clearly what is already apparent fran the Tables 
that patients' reaction times are consistently slower than the 
corresponding values for normal subjects, across all the conditions, 
demonstrating that patients generally take a longer time to prepare 
for the movement task. 
When canparing the sample mean values of reaction time across 
different task directions and stimulus conditions, the two groups of 
subjects show similar trends (Figure 1). There is very little 
difference in reaction time for extension versus flexion tasks in 
either group. Sample mean values are, extension and flexion, 
respectively patients, 0.360 and 0.370 sec.; normals, 0.180 and 
0.183 sec. The trend in reaction time for stimulus conditions 
canpared to non-stimulus conditions results in a longer preparatory 
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phase, in both directions, for tasks perfonned with an additional 
contra-lateral stimulus condition. Sample mean values are, stimulus 
and non-stimulus, respectively: patients, 0.380 and 0.350 sec.; 
normals, 0.:1.87 and 0.175 sec. These trends are also demonstrated in 
the plots of individual patients (Figure 2) and normals (Figure 3). 
It can be seen that two of the patients ( =, *), show markedly 
slower reaction times than the remaining seven subjects. It is 
these differences in performance which contributed to the greater 
standard error arourrl the patients' mean value. 
A second series of twenty trials W2IS repeated in the same 
experimental session to determine whether invoking A.R. proved a 
transient or robust phenomenon, likely to be affected by practice. 
The results of these trials over the four experimental conditions 
are presented in Table 6, with the sample mean values illustrated in 
Figure 4. A comparison of reaction times for extension and flexion 
tasks, 0.263 and 0.250 sec. respectively, and stimulus and 
non-stimulus conditions, 0.256 and 0.257 sec. respectively, reveals 
that the values for different task directions and stimulus 
conditions were similar in both instances. 
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Table 4 Reaction Times (in seconds) for individual patients, 
over the four experimental conditions, along with the 
sample mean and standard error. 
CONDITIONS 
ElITENSION FLEXION 
SUBJECTS NS 5 NS 5 
+ X 0.248 0.332 0.256 0.280 5.0. ( .041) ( .064) (.016) (.037) 
• 
X 0.204 0.30B 0.180 0.260 
5.0. ( .029) ( .075) ( .014) (.048) 
6 X 0.204 0.252 0.232 0.240 5.0. ( .050) ( .046) ( .110) ( .050) 
-
• 
X 0.236 0.284 0.240 0.208 
5.0. (.040) (.OOB) ( .020) (.050) 
CJ X 0.312 0.324 0.284 0.352 
5.0. (.048) ( .045) (.016) ( .140) 
0 X 0.lB4 0.212 0.184 0.236 
5.0. ( .026) ( .022) ( .026) ( .038) 
X X 0.228 0.256 0.228 0.244 
5.0. (.010) (.030) ( .010) ( .016) 
* 
X 0.640 0.548 0.416 0.536 
5.0. ( .110) ( .115) ( .03B) ( .072) 
X 0.8BO 0.804 1.104 1.156 
5.0. (.270) ( .260) ( .072) ( .092) 
-----------------------
= X 0.349 0.367 0.347 0.389 
S.E. ( .OBO) ( .060) (.100) ( .100) 
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Table 5 Reaction Times (in seconds) for individual normal 
subjects over the four experimental conditions, along 
wi th the sample mean and standard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS 5 NS 5 
X X 0.156 0.144 0.156 0.176 5.0. (.009) ( .026) (.009) ( .026) 
0 X 0.188 0.228 0.216 0.252 5.0. ( .215) ( .022) ( .016) (.043) 
+ X 0.148 0.168 0.164 0.168 5.0. ( .010) ( .010) ( .016) (.030) 
• 
X 0.192 0.208 0.180 0.152 
5.0. ( .010) ( .075) ( .024) ( .017) 
-----
-----------
X 0.171 0.187 0.179 0.187 
S.E. ( .010) ( .020) ( .010) ( .020) 
~ 
c ] 
Ul 
:s 
i= 
z 
Q 
l-
V 
.: 
Ul 
0: 
0.6 
o.s 
o.~ 
(Normals) 
0.3 
1 I 0.2 ! ! (Patients) 
0.1 
O'----r---~-----.,._--___, 
NO STlM. STlM. NO STlM. STlM. 
L-Extension ...J L- Flexion--l 
Conditions 
Figure 1. Sample mean and standard error of reaction 
time for patients and normal subjects over 
the four experimental conditions. 
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Figure 2. Mean values 'of reaction time for individual 
patients across the four experimental 
conditions. 
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Figure 3. Mean values of reaction time for normal 
subjects across the four experimental 
conditions. 
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Table 6 : Second series of Reaction Times (in seconds), for 
patients (n = 6), over the four experimental conditions, 
along with the sample mean and standard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS S NS S 
+ X 0.312 0.296 0.252 0.284 S.D. (.050) ( .078) ( .033) ( .049) 
• 
X 0.220 0.220 0.224 0.228 
S.D. ( .037) ( .020) (.030) ( .046) 
• 
X 0.264 0.264 0.252 0.213 
S.D. ( .047) ( .010) ( .017) (.020) 
0 X 0.348 0.340 0.310 0.316 S.D. (.050) (.050) ( .011) ( .043) 
-
0 X 0.228 0.196 0.196 0.264 
S.D. ( .017) ( .026) ( .016) ( .026) 
X X 0.256 0.220 0.220 0.248 S.D. ( .020) ( .010) ( .020) (.030) 
------------------------
= X 0.271 0.256 0.242 0.259 
S.E. ( .020) (.020) (.020) (.020) 
0.6 
0.5 
1 ! 0.4 
Ul 
::;: 
;:: 
~ 0.3 
t; 
is 
I I I I 
0:: 0.2 
0.1 
o ~----~------~----------~~-------r-----
NO STlM. STlM. NO ST/M. STIM. 
L--Extension -J L- Flexion ---J 
Conditions 
Figure 4. Sample mean and standard error of reaction 
time for patients during the second series 
of experimental trials. 
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MEAN VELOCITY. 
The mean values of mean velocity for individual subjects, along 
wi th the sample mean and stan:lard error, are tabulated for the two 
groups over the four experimental conditions in Tables 7 and 8, with 
the trend across the data presented in Figures 5 and 6. Patients' 
mean velocities are consistently slower than those for normal 
subjects across all the conditions. 
When COlIIP<U'ing ann velocity across the different task 
directions and stimulus conditions both patients and normal subjects 
shcw similar trends (Figure 5). In both groups slightly slower mean 
-I 
velocities are found for stimulus (patients, 46.44 deg.s ; normals, 
158.38 deg.SI) ccmpared with non-stimulus conditions (patients, 
-I -I 51.61 deg.s; 164.31 deg.s ), irrespective of direction. Similarly 
extension movements are slower than flexion movements in both 
groups, irrespective of whether tasks were performed with or without 
contra-lateral activity. Mean velocities of extension and flexion 
tasks, respectively, are 
-I 
patients, 37.94 and 60.11 deg. s ; 
normals, -I 148.88 and 173.63 deg.s . These trends are also 
demonstrated in the plots of individual patients and normal subjects 
in Figure 7. 
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Table 7 : Mean Velocities (in degrees per second) for individual 
patients over the four experimental conditions, along 
wi th the sample mean and standard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS 5 NS 5 
-
+ X 32.39 28.30 50.83 47.14 5.0. (2.96) (1.94) (3.11) (6.91) 
• 
X 42.05 35.66 59.87 37.30 
5.0. ( 1.01) (4.47) (8.63) (18.4) 
X 40.68 40.52 31.88 38.67 
5.0. (18.56) (7.74) (6.57) (7.95) 
• 
X 26.06 31.60 61.70 102.70 
5.0. (8.14) (11.90) (23.6) (15.70) 
0 X 37.74 36.30 80.30 70.10 5.0. (13.5) (3.00) (5.60) (3.80) 
0 X 73.72 72.06 100.6 69.30 
5.0. (36.5) (6.87) (14.6) (23.5) 
-
X X 53.88 62.45 99.40 83.20 
5.0. (8.63) (6.58) (43.3) (33.2) 
X 42.40 18.04 50.50 35.37 
5.0. (14.6) (14.9) (12.48) (8.3) 
X 5.99 2.56 37.88 25.41 
- 5.0. (2.54) ( .69) (4.26) (5.69) 
= X 39.43 36.38 63.66 56.67 
S.E. (6.18) (7.01) (8.29) (8.65) 
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Table 8 Mean Velocities (in degrees per second) for in:Uvidual 
normal subjects, over the four experimental conditions, 
along with the sample mean and standard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS 5 NS 5 
X X 178.60 166.54 199.87 213.04 S.D. (12.06) (32.73) (49.77) (29.81) 
0 X 124.36 122.51 151.41 141.19 S.D. (18.12) (10.51) (8.48) (31.47) 
+ X 134.70 139.92 148.53 137.42 5.0. (23.58) (8.57) (35.85) (12.33) 
• 
X 166.78 155.65 208.25 189.56 
S.D. (21.50) (19.20) (31.60) (26.40) 
= X 151.11 146.15 177.01 170.30 
5.E. (12.87) (9.59) (15.72) (18.54) 
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Figure 5. Sample mean and standard error of mean 
velocity for patients and normal subjects 
over the four experimental conditions. 
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The results of mean velocity for the second series of 20 trials 
are presented in Table 9 and illustrated in Figure 7. Comparison of 
patients I arm velocity data again shO\'S that extension movements are 
slower than flexion movements, 50.16 and 74.46 deg.s respectively, 
whereas stimulus tasks in this instance are Slightly faster than 
non-stimulus conditions, 65.23 and 59.38 deg.s respectively. 
Table 9 : Second series of Mean Velocities (in degrees per second), 
for patients (n = 6), over the four experimental 
conditions along with the sample mean and standard error. 
CONDITIONS 
EXrENSION FLEXION 
SUBJECTS NS S NS S 
X 38.04 37.77 49.26 59.71 
S.D. (3.53) (9.04) (6.40) (7.43) 
X 41.49 43.69 63.34 63.26 
S.D. (10.69) (15.16) (15.29) (9.11) 
X 33.60 28.50 53.30 80.99 
S.D. (9.8) (10.70) ( 21.2) (32.2) 
X 39.12 41.20 85.80 70.90 
S.D. (10.4) (9.0) (8.30) (7.0) 
X 69.82 118.9 84.60 101.5 
S.D. (4.1) (24.1) (26.7) (30.5) 
X 51.90 58.00 102.4 78.40 
S.D. (11.9) (5.80) (34.5) (21. 7) 
------------------------------------
X 45.65 54.67 73.12 75.80 
S.E. (5.43) (13.43) (8.6) (6.15) 
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Figure 7. Sample mean and standard error of mean 
velocity for patients during the second 
series of experimental trials. 
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PEAK VELOCITY 
The mean values of peak velocity for individual subjects, along 
wi th the sample mean and staOOard error, are tabulated for the two 
groups aver the four experimental conditions in Tables 10 and 11, 
with the trend across the data presented in Figures 8-10. Patients' 
values for peak velocity are again consistently lower across all the 
conditions than those for normal subjects. 
When comparing the trends for all the mean values of peak 
velocity for each group (Figure 8), patients shcM lower peak speeds 
for stimulus (112.61 deg.SI) as compared with non-stimulus (121.39 
deg.S-1 ), -I irrespective of direction, and extension (98.61 deg.s ) 
compared with flexion (135.39 deg.s-I). These trends are also 
demonstrated in the plots of individual patients in Figure 9. 
Nonnal subjects, hcMever, shcM higher peak speeds for flexion 
(325.36 deg.s-I) -I compared to extension tasks (280.88 deg. s ) and 
stimulus (307.59 deg.sl) compared to non-st1mulus conditions (298.65 
deg.s-I); also demonstrated in individual values in Figure 10. 
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Table 10 : Peak velocities (in degrees per second) for irrlividual 
patients over the four experimental corrlitions, along 
wi th the sample mean am starrlard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS 5 NS 5 
+ X 54.39 51.67 79.26 80.03 5.0. (3.07) (5.59) (5.03) (8.94) 
• 
X 129.37 98.29 186.09 108.0 
5.0. (27.14) (15.1) (27.68) (27.5) 
-
X 70.31 73.81 59.82 101.39 
5.0 . (25.52) (11.97) (16.84) (24.08) 
• 
X 80.40 71.50 190.75 169.60 
5.0. (7.5) (10.9) (31. 2) (11.16) 
-
0 X 102.2 125.8 157.3 132.09 
5.0. (13.9) (31. 7) (12.4) (17.8) 
0 X 200.85 211.34 207.46 221.44 
5.0. (46.6) (35.6) (24.2) (21.19) 
X X 165.0 150.0 234.14 213.67 
5.0. (17.9) (29.0) (31. 5) (38.5) 
X 72.26 42.35 87.40 83.53 
5.0. (17.5) (17.8) (21. 6) (31.4) 
X 41.18 36.13 69.93 55.55 
- 5.0. (11.1 ) (15.3) (8.53) (8.08) 
-
= X 101.77 95.65 141.34 129.47 
S.E. (17.8) (19.23) (22.42) (19.87) 
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Table 11 Peak velocities (in degrees per second) for irxiividual 
normal subjects over the four experimental corxiit1ons, 
along with the sample mean arxi starxiard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS S NS S 
X X 306.52 321.29 398.20 371.79 
S.D. (19.15) (45.98) (36.36) (28.40) 
-
0 X 205.91 237.76 275.45 289.08 
S.D. (15.05) (24.01) (21. 77) (22.23) 
+ X 248.64 247.08 250.58 264.18 S.D. (20.14) (13.76) (16.94) (21.54) 
• 
X 344.60 335.27 359.30 394.33 
S.D. (41.04) (42.03) (37.31) (31.35) 
----------- -------
= 
X 276.41 285.35 320.88 329.84 
S.E. (30.69) (25.02) (34.71) (31.48) 
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Figure 8. Sample mean and standard error of peak 
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Results of peak velocity for the second series of trials are 
presented in Table 12 and illustrated in Figure 11. Patients again 
show higher peak speeds for flexion (160.0 deg.s-I) compared to 
extension tasks (128.25 deg.s-l), but in this instance peak velocity 
is slightly higher for stimulus (145.75 deg.s-') compared to 
non-stimulus conditions (142.5 deg.s·'). 
Table 12 Second series of peak velocities (in degzees per second), 
for patients (n = 6) over the four experimental 
condi tions along with the sample mean and standard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS 5 NS 5 
+ X 67.99 66.82 73.04 95.96 S.D. (9.0) (14.9) (8.75) (15.08) 
• 
X 123.93 120.82 142.19 132.09 
S.D • (36.86) (16.7) (30.4) (19.9) 
• X 68.80 68.80 157.34 157.0 S.D. (4.5) (7.7) (15.6) (13.7) 
0 X 95.96 109.17 150.50 144.9 
S.D. (14.4) ( 11.4) (9.0) (8.0) 
0 X 254.46 249.03 215.23 216.39 
S.D. (50.1) (30.7) (17.87) (15.9) 
X X 139.00 174.00 222.20 214.06 
5.0. (20.0) (17.6) (30.7) (34.4) 
------------
= X 124.99 131.44 160.08 160.06 
5.E. (28.53) (28.48) (22.280 (19.33) 
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Figure 11. Sample mean and standard error of peak 
velocity for patients during the second 
series of experimental trials. 
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TIME TO PEAK VELOCI'IY 
The mean values of time to peak velocity for individual 
subjects, along with the saIl\Ple mean and standard error, are 
tabulated for the two groups, over the four experimental conditions, 
in Tables 13 and 14, with the trend across the data presented in 
Figures 12-14. Patients' times to peak velocity are consistently 
higher than those for normal subjects. 
When cortq?aring the saIl\Ple mean values of the time taken to peak 
velocity across different task directions and stimulus conditions, 
the trends vary across the two groups of subjects (Figure 12). 
Patients take a longer time to reach peak speed for stimulus (0.632 
sec. ) as compared to non-stimulus conditions (0.585 sec.), across 
both directions, and for extension (0.653 sec.) compared to flexion 
tasks (0.565 sec.). Results for normal subjects, however, shcw very 
similar times to peak speed for both extension (0.308 sec. ) 
canpared to flexion tasks (0.303 sec.) and stimulus (0.304 sec.) 
canpared to non-stimulus tasks (0.308 sec. ) . These trends are 
consistent with the plots of mean values for individual patients 
(Figure 13) and normal subjects (Figure 14). 
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Table 13 : Times to peak velocity (in seconds) for individual 
patients over the four experimental conditions, along 
wi th the sample mean and standard error. 
CONDITIONS 
EXTENSION FLEXION 
SUBJECTS NS S NS S 
+ X 0.466 0.724 0.440 0.448 S.D. ( .115) ( .212) (.064) ( .072) 
• 
X 0.356 0.628 0.416 0.460 
S.D. (.039) ( .133) ( .049) ( .049) 
X 0.408 0.460 0.580 0.432 
S.D. ( .101) (.051) ( .227) ( .10) 
• 
X 0.424 0.440 0.392 0.384 
S.D. ( .026) ( .048) (.109) ( .043) 
0 X 0.560 0.540 0.476 0.528 S.D. ( .146) ( .148) ( .028) ( .143) 
0 X 0.308 0.368 0.316 0.372 S.D. ( .027) ( .041) ( .033) ( .039) 
X X 0.360 0.396 0.376 0.396 
S.D. ( .037) (.054) ( .016) ( .017) 
X 1.112 1.140 0.636 0.736 
S.D. ( .192) ( .375) ( .057) ( .054) 
= 
X 1.572 1.492 1.336 1.440 
S.D. ( .305) ( .381) ( .110) ( .132) 
-----
= X 0.618 0.687 0.551 0.577 
S.E. ( .140) (.130) ( .100) ( .110) 
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Table 14 Times to peak velocity (in seconds) for irxUvidual 
normal subjects over the four experimental conditions. 
along with the sample mean and standard error. 
CONDITIONS 
EXl'ENSION FLEXION 
SUBJECTS NS 5 NS 5 
X X 0.29 0.27 0.26 0.28 
5.0. ( .02) ( .02) ( .02) ( .03) 
0 X 0.34 0.34 0.35 0.37 5.0. ( .03) ( .02) ( .01) ( .04) 
+ X 0.29 0.30 0.29 0.31 5.0. (.02) ( .02) ( .05) ( .06) 
• X 0.31 0.33 0.30 0.26 5.0. ( .01) ( .08) ( .02) ( .02) 
----------------------
= 
X 0.308 0.310 0.300 0.305 
5.E. ( .010) ( .020) ( .020) ( .020) 
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Resul ts for the second series of trials are presented in Table 
15 and illustrated in Figure 15. In this instance patients take 
similar times to peak speed, whatever the task direction or stimulus 
condition. Mean values are: extension and flex1on, 0.434 and 0.422 
sec.; stimulus and non-stimulus, 0.422 and 0.434 sec. 
Table 15 : Second series of times to peak velocity (seconds), for 
patients (n = 6) over the four experimental conditions, 
along with the sample mean and standard error. 
CONDITIONS 
EXI'ENSION FLEXION 
SUBJECTS NS S NS S 
+ X 0.520 0.510 0.420 0.440 S.D. (.079) ( .06) ( .06) ( .05) 
• 
X 0.396 0.350 0.452 0.447 
S.D . ( .08) ( .04) (.079) ( .09) 
• 
X 0.448 0.430 0.424 0.360 
5.0. (.059) ( .048) ( .03) ( .03) 
0 X 0.590 0.528 0.510 0.500 
5.0. ( .15) ( .134) ( .02) ( .07) 
0 X 0.360 0.320 0.320 0.400 5.0. ( .03) ( .03) ( .03) ( .04) 
X X 0.390 0.370 0.380 0.410 5.0. ( .02) ( .02) ( .04) ( .03) 
-----------------------------------
= 
X 0.449 0.418 0.418 0.426 
S.E. (0.04) (0.04) (0.03) (0.02) 
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Figure 15. Sample mean and standard error of time to 
peak velocity for patients during the second 
series of experimental trials. 
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Analysis of Variance -
A 'M:>--way repeated measures MlrNA (Direction x Stimulus) was 
conducted on the data for each group of subjects. for each of the 
measurement variables. The results are SIlImlIarised in Table 16. 
Table 16 Summary of MlrNAs for patients (n=9) and nornal 
subjects (n=4) for each of the measurement variables. 
PATIENTS First series of trials. 
MEI\StJRElolENT VARIABLES 
R.T. M.V. P.V. T.P.V. 
INDEP.VAR. SS F SS F SS F SS F 
Direction 992 0.07 2496 14.17 7472 13.03 1701 3.65 
ns ** ** ns Stimulus 71 10.15 1355 1.42 3806 1.46 287 5.88 
* ns ns * Dir x Stim 181 0.51 774 0.44 1676 0.36 430 0.06 
ns ns ns ns 
PATIENTS Second series of trials. 
R.T. M.V. P.V. T.P.V. 
INDEP.VAR. SS F SS F SS F SS F 
Direction 142.6 1.97 1183 14.97 9343 3.24 
ns * ns Stimulus 43.9 0.03 1159 0.89 298 1.06 
ns ns ns 
Dir x Stim 154.6 2.38 796 0.38 654 0.48 
ns ns ns 
NORMAL SUBJECTS : 
INDEP.VAR. SS F SS F SS F SS F 
Direction 104.4 0.09 614 11.96 2231 10.70 22.75 0.03 
ns * * ns 
Stimulus 53.2 1.62 120 3.29 445 2.06 6.75 0.11 
ns ns ns ns 
Dir x Stim 37.2 0.26 257 0.05 1043 0.00 18.75 0.04 
ns ns ns ns 
ns 
* 
** 
*** 
non-significant 
p<O.05 
p<O.Ol 
p<O.OOl 
Page 126 
Page 127 
The details are as follows 
Reaction Time -
There is only one significant result in patients' data for 
reaction time, a main effect of Stimulus, F(l,B) = 10.15, p<0.05. 
This is consistent with the slower reaction times found for patients 
during stimulus COIlq?ared to the non-stimulus conditions over the 
first series of trials. No such difference occurs with normal 
subjects and the result is not repeated in patients' second series 
of trials. Neither group show artt other main effects or 
interactions in the data. 
Mean Velocity -
Patients and normal subjects show a main effect of Direction 
for mean velocity, F(l,B) = 14.17, p<O.Ol and F(l,3) = 11.96, 
p<0.05, respectively, indicating that flexion movements are 
performed consistently faster than extension movements by both 
groups. This effect is also repeated during the second series of 
patients' trials, F(l,5) = 14.97, p<0.05. Neither group show a main 
effect for Stimulus, confirming the similar values of mean velocity 
found within each sanq;lle for stimulus and non-stimulus conditions, 
nor are there any significant interactions present in the data. 
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Peak Velocity -
Patients and normal subjects show a main effect of Direction 
for peak velocity, F(1,8) = 13.03, p<0.01 and F(1,3) = 10.7, p<0.05, 
respectively, confirming, as occurred with mean velocity, that peak 
speeds are higher for flexion as canpared to extension tasks. This 
effect is not repeated during the second series of patients' trials. 
Neither patients or normal subjects show a main effect for Stimulus, 
confirming the similar values of peak velocity found for stimulus 
and non-stimulus conditions, nor are there arrj significant 
interactions present in the data. 
Time to Peak Velocity -
There is only one significant result in patients' data for time 
to peak velocity; a main effect of Stimulus, F(1,8) = 5.88, p<0.05. 
This is consistent with the longer time taken by patients to reach 
peak velocity during stimulus conditions over the first series of 
trials. This effect is not repeated in the second series of trials 
and neither sample show arrj other main effects or interactions in 
the data. 
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stJlIt.!ARY of RESULTS 
A canparison of movement tasks undertaken with or without 
additional contra-lateral activity demonstrates that the 
statistically significant results appear to be limited to the 
patients, for none occur with normal subjects. The two main effects 
of invoking A.R. with patients are limited to slowing down both 
their ability to start movement off and also to reach the peak 
speed, irrespective of the direction of the task. Invoking A.R. do 
not appear to have any effect on the velocity of the movement 
however, in either patients or normal subjects, as measured by mean 
velocity am peak velocity. 
A canparison of the temporal and speed characteristics of 
flexion am extension movements, in patient am normal samples, 
reveals that statistically significant results do occur on peak 
velocity am mean velocity measures. Task speeds are consistently 
higher across both variables in a flexion canpared to an extension 
direction for all subjects, irrespective of stimulus and 
non-stimulus conditions. 
The effects that patients demonstrated on reaction time am 
time to peak velOCity, when invoking A.R. during the first series 
of trials, are not sustained during the secorrl series of trials. 
Since these additional trials were included to take account of the 
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possible practice or fatigue effects which might occur with 
patients, the failure to sustain the effect on reaction time and 
time to peak velocity, during stimulus conditions, may be explained 
by a possible practice effect over the two series of trials. 
Alternatively, it may have been caused by aspects of the 
experimental procedure (p.63). Despite the change in outcome over 
these two variables, between the two series of trials, patients do 
continue to shcM increased task speed for flexion compared to 
extension tasks. 
Implications for the Main Study -
Given the overall results of the pilot study, and in particular 
sane of the differences which occurred between patients' results for 
the two series of experimental trials, some charges in the 
ellperimental design and procedure were introduced for the main study 
(described in Chapter Three, p.61-63). These are briefly 
sunnnarised . 
The number of trials per condition was increased from five to 
eight, in order to establish a more balanced account of ellperimental 
effect. Computerised randomisation of the time interval between the 
"Ready" command and the auditory 'start Signal' was included to try 
and limit subjects from cueing on the "Ready" command and thus limit 
the potential variation which might occur in reaction time measures. 
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A randamised presentation of experimental conditions was also 
introduced because the fixed order of experimental con:iitions may 
have contributed to the consistent differences found in task speed 
over the tw:> movement directions; for instance extension tasks 
always preceeded flexion and this could have led to an increased 
practice and familiarity with the procedure, which favoured flexion 
movements. 
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EXPERIMENT ONE 
Thirty-one stroke patients, out of a total of seventy-one 
successive admissions to l\ddenbrooke's Hospital, were referred to 
the experimenter over a six month period (January - June 1985). 
Twelve out of these thirty-one (38.71%), or 16.9% of all the 
patients admitted, met all the selection criteria (see p.47) and 
were thus included in the study (Tables 17 and 18). Twelve healthy 
subjects, approximately age-matched, with no history of neurological 
disturbance acted as a control sample (Tables 17 and 19). 
Table 17 = Summary of Patients and Nonnal SUbjects. 
SUbjects 
Numbers 
Age(yrs) 
Patients Nonnals 
--,-_._-----------------
Mean 
Range 
12 
-----------
54.58 
(19 - 74) 
12 
54.66 
(27 - 73) 
,-----------------------------------
Sex 
Side of 
Paralysis 
Time post 
Stroke(wks) 
Male 
Female 
Right 
Left 
Mean 
Range 
5 
7 
5 
7 
7 
5 
--_._--,----------
18.62 
2.5 - 54 
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Table 18 =- Subject Profile. 
PATIENTS 
SUbject Age Hemiplegia Time>CVA Motor Score Male/Female 
(yrs) (wks) 
-----------------------------------------
1 60 R 20 29 M 
2 47 R 2.5 29 F 
3 74 L 37 24 F 
4 66 R 4 22 M 
--------------------------------------------------
5 50 L 4 27 F 
----------
6 27 R 34 27 F 
--------
7 66 L 9 19 M 
----
8 65 R 54 22 F 
-----
9 19 L 4 29 M 
----------
10 59 L 30 24 F 
----------
11 61 L 3 27 M 
--------------- ---------
12 55 L 22 25 F 
Table 19 =- SUbject Profile NORMAL SUBJECTS. 
SUbject Age Male/Female Subject Age Male/Female 
-------------------- ---------------------
1 73 M 7 72 F 
--------------- -----
2 42 F 8 70 F 
------
3 68 F 9 71 M 
4 52 M 10 29 M 
5 46 M 11 58 M 
------ ---------
6 27 F 12 48 M 
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The results of the descriptive statistics are presented for 
each of the five measurement variables in turn. The results of the 
data analysis are presented at the end of the experiment and are 
summarised in Table 29. 
REACTION TIME 
The mean values of reaction time for individual subjects, along 
with sample mean and standard error, are tabulated for the two 
groups, in Tables 20 and 21, with the trend across the data 
illustrated in Figures 16 and 17. Patients' reaction times are 
consistently and significantly slower than those for normal 
subjects, across all the conditions, demonstrating that patients 
generally take a longer time to prepare for a movement task. 
Both groups of subjects show similar trends, hcMever, when 
canparing the sample mean values of reaction time across all the 
experimental conditions (Figures 16 and 17). There is little 
difference within either group for reaction times between extension 
and flexion tasks (patients, 0.499 and 0.479 sec.; normals, 0.318 
and 0.328 sec.) or between Sitting and standing tasks (patients, 
0.507 and 0.472 sec; normals, 0.302 and 0.325 sec.). All reaction 
times for stimulus conditions are slower however than those for 
non-stimulus in both groups, irrespective of task direction: 
patients, 0.529 and 0.451 sec.; normals, 0.342 and 0.304 sec. 
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These trends are also demonstrated in the plots of individual 
means for patients (Figures 18 and 19) and nornals (Figure 20). 
Patients exhibit a wider range of reaction times than normal 
subjects and there is some grouping of patients at the two extremes 
of the range, with subjects 1, 3, 9 having consistently faster 
reaction times than subjects 7, 8, 11, 12. 
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Table 20 Reaction times (in seconds), with the standard deviation 
in brackets, for individual patients over the eight 
experimental conditions, along with the sample mean and 
standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 0.323 0.375 0.330 0.343 0.343 0.411 0.393 0.363 
( .049) (.067) ( .057) ( .073) ( .027) (.055) ( .047) ( .033) 
2 0.365 0.437 0.400 0.534 0.378 0.552 0.533 0.425 
( .033) (.066) ( .046) ( .141) ( .031) (.099) ( .034) ( .072) 
3 0.377 0.398 0.337 0.437 0.370 0.431 0.351 0.405 
( .038) ( .019) ( .017) ( .103) ( .039) (.059) ( .025) ( .055) 
4 0.416 0.483 0.533 0.535 0.373 0.425 0.397 0.640 
(.040) ( .079) ( .114) ( .114) ( .065) ( .156) ( .106) (.074) 
5 0.420 0.410 0.523 0.568 0.395 0.407 0.430 0.513 
(.020) ( .059) ( .073) (.063) ( .026) (.037) ( .032) ( .060) 
6 0.454 0.487 0.380 0.400 0.430 0.543 0.466 0.510 
(.054) ( .060) ( .050) (.080) ( .059) ( .082) (.124) ( .160) 
7 1.020 1.094 0.660 0.943 0.645 0.825 0.528 0.575 
( .245) ( .454) (.069) (.235) ( .129) ( .097) ( .135) ( .158) 
8 0.563 0.586 0.527 0.488 0.516 0.660 0.503 0.557 
(.048) ( .062) ( .030) ( .043) ( .056) ( .084) ( .082) ( .148) 
9 0.388 0.495 0.375 0.410 0.305 0.400 0.313 0.383 
( .026) ( .062) ( .037) ( .077) (.037) ( .110) ( .054) (.069) 
10 0.530 0.646 0.403 0.530 0.490 0.540 0.440 0.449 
( .039) ( .039) ( .027) (.064) (.034) ( .046) ( .037) ( .047) 
11 0.540 0.590 0.483 0.740 0.510 0.690 0.485 0.574 
( .149) (.170) ( .093) (.098) (.077) ( .160) ( .049) (.106) 
12 0.450 0.613 0.413 0.590 0.426 0.470 0.423 0.495 
( .088) ( .110) ( .052) ( .089) (.077) ( .113) ( .050) ( .078) 
---------------------------------------------------
= 
X 0.487 0.551 0.447 0.543 0.432 0.529 0.439 0.491 
S.E. (.052) ( .056) (.029) ( .047) (.027) ( .039) ( .020) ( .025) 
------- -----------
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Table 21 Reaction times (in seconds), with standard deviation in 
brackets, for individual normal subjects over eight 
experimental conditions, along with the sample mean and 
standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
NS S NS S NS S NS S 
Ss 0.311 0.368 0.275 0.340 0.284 0.340 0.295 0.330 
1 (.065) (.050) ( .017) (.040) (.070) ( .060) ( .030) (.020) 
2 0.290 0.273 0.277 0.277 0.320 0.260 0.270 0.320 
( .056) (.047) (.036) (.042) (.130) ( .030) ( .018) ( .075) 
3 0.267 0.385 0.270 0.300 0.267 0.345 0.304 0.340 
( .039) ( .124) ( .053) ( .029) ( .038) ( .114) ( .049) ( .040) 
4 0.320 0.357 0.320 0.410 0.315 0.323 0.350 0.360 
( .057) (.080) (.060) ( .046) (.080) (.060) ( .050) ( .037) 
5 0.363 0.423 0.360 0.470 0.345 0.372 0.360 0.422 
( .036) (.068) ( .050) (.055) (.030) ( .050) ( .030) ( .049) 
6 0.243 0.263 0.250 0.270 0.245 0.275 0.293 0.315 
( .016) ( .036) ( .028) (.028) (.009) ( .026) ( .079) ( .012) 
7 0.270 0.273 0.277 0.295 0.275 0.288 0.305 0.330 
( .010) ( .039) ( .033) (.036) (.027) ( .036) ( .027) ( .076) 
8 0.297 0.360 0.277 0.294 0.317 0.393 0.297 0.330 
( .035) ( .046) (.007) (.025) (.036) ( .060) ( .029) ( .055) 
9 0.310 0.340 0.375 0.410 0.363 0.363 0.400 0.380 
(.050) ( .040) (.040) (.075) (.040) (.046) ( .047) ( .049) 
10 0.283 0.330 0.277 0.290 0.246 0.257 0.300 0.320 
(.040) ( .065) (.018) (.047) (.034) ( .027) (.050) ( .090) 
11 0.268 0.373 0.270 0.427 0.290 0.310 0.290 0.373 
( .030) (.070) (.050) (.088) (.060) (.030) ( .065) ( .060) 
12 0.323 0.430 0.320 0.350 0.398 0.383 0.368 0.400 
( .036) ( .055) ( .088) (.068) (.063) ( .072) (.080) ( .049) 
---------------------------------------------
= 
X 0.295 0.348 0.296 0.344 0.305 0.326 0.319 0.352 
S.E. (.009) (.016) ( .011) (.020) (.014) ( .014) ( .011) ( .010) 
D.8 
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(Patients) 
~ (Normals) I -I 
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Figure 16. Sample mean and standard error of reaction time for 
patients and normal subjects over the eight experimental 
conditions. 
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MEAN VELOCITY 
The mean values of mean velocity for individual subjects, along 
wi th the sample mean and standard error, are tabulated for the two 
groups, in Tables 22 and 23, with the trends across the data 
illustrated in Figures 21 and 22. Patients' mean velocities are 
consistently and significantly slO\\er than those for normal subjects 
across all conditions. 
The two groups shcM different trends, however, when comparing 
mean velocity across all the experimental conditions (Figures 21 and 
22). Patients exhibit little difference generally between mean 
velocity for stimulus (69.07 deg.s-') and non-stimulus conditions 
(69.45 deg.s-'), irrespective of task direction, but stimulus 
condi tions are faster than non-stimulus in sitting, whereas the 
reverse trend occurs in standing. Alternatively, patients do 
perform flexion tasks (71.91 deg.s-I) more quickly than extension 
(66.61 deg.s-I) and similarly tasks in standing (70.93 deg.S-I) are 
Slightly quicker than those in sitting (67.59 deg.s-I). Normal 
subjects perform tasks in sitting (148.94 deg.s-I) faster than those 
in standing (141.96 deg.S-I) and stimulus conditions (146.98 deg.s-I) 
are also faster than non-stimulus conditions (143.92 deg.s-'). 
Speeds for extension (145.69 deg.s-I) and flexion tasks (145.22 deg.s-' 
) are very similar, although flexion task speeds are faster than 
extension in sitting, whereas the reverse trend occurs in standing. 
Page 144 
There is a wide range of individual values for mean velocity 
(patients, Figure 23; nonnals, Figure 24), with patients again 
showing a grouping of individuals at the two extremes of performance 
across all conditions, with subjects 1, 3, 9, 11 consistently 
producing faster movements, whereas subjects 6, 7, and 8 make much 
slower ~ts. This result is comparable with the distribution 
of subjects I performance on reaction time. 
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Table 22 Mean velocities (in degrees per second), with standard 
deviation in brackets, for individual patients over the 
eight experimental conditions, along with the sample 
mean and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
NS S NS S NS S NS S 
Ss 98.30 93.45 98.38 103.13 90.10 96.32 110.02 105.63 
1 (7.12) (13.02) (13.01) (12.24) (18.41) (11.92) (6.05) (13.46) 
2 68.44 69.19 67.27 66.69 63.33 46.38 44.99 63.64 
(4.99) (6.57) (5.37) (10.85) (6.60) (5.54) (6.23) (7.67) 
3 56.36 72.15 100.05 101.48 67.14 72.86 103.53 103.39 
(2.46) (7.08) (6.21) (21.41) (6.01) (8.55) (2.88) (7.16) 
4 62.01 71.65 60.94 67.15 68.10 67.42 50.89 43.88 
(14.19) (10.74) (12.11) (7.58) (8.83) (11. 70) (12.82) (6.63) 
5 62.58 66.34 57.07 53.22 63.28 64.28 66.79 60.74 
(4.66) (4.30) (9.38) (3.62) (3.64) (5.08) (4.06) (5.46) 
6 52.25 59.31 60.90 62.49 53.29 44.78 62.23 61.03 
(2.95) (3.50) (5.47) (2.93) (3.36) (5.25) (5.09) (6.74) 
7 33.68 28.49 37.19 28.32 43.43 34.86 41.00 40.88 
( 11.11) (3.52) (6.81) (7.74) (14.41) (11.15) (4.62) (5.21) 
8 46.31 51.99 66.05 77.23 40.94 53.31 68.12 64.14 
(2.60) (7.07) (4.85) (9.36) (3.81) (2.12) (6.53) (12.59) 
9 59.69 70.56 68.79 65.26 107.06 115.85 104.16 98.05 
(12.57) (25.46) (17.60) (13.33) (14.50) (22.19) (17.25) (16.31) 
10 62.89 62.59 60.34 41.01 62.60 58.67 71.16 51.65 
(12.21) (13.65) (7.91) (2.85) (6.87) (10.25) (6.50) (5.14) 
11 94.96 98.99 91.32 106.01 85.39 94.36 97.10 109.68 
(9.55) (10.56) (5.71) (15.68) (12.03) (9.25) (12.63) (16.60) 
12 63.19 61.43 70.92 66.17 65.97 70.59 84.80 66.99 
(8.12) (6.43) (9.97) (6.04) (3.69) (5.55) (6.54) (12.19) 
~ 
X 63.39 67.18 69.94 69.85 67.55 68.31 75.39 72.48 
S.E. (5.23) (5.23) (5.29) (6.98) (5.47) (6.88) (6.97) (7.18) 
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Table 23 : Mean velocities (in degrees per second), with standard 
deviation in brackets, for individual normal subjects 
over eight experimental conditions, along with the 
sample mean and· standard error. 
CONDITIONS 
SITl'ING STANDING 
EXTENSION FLEKION EXTENSION FLEKION 
NS S NS S NS S NS S 
Ss 174.80 160.85 204.03 193.45 192.30 188.50 176.70 209.17 
1 (16.79) (20.98) (10.96) (20.38) (19.60) (10.88) (33.06) (31.96) 
2 182.37 174.23 120.48 123.70 143.70 144.11 123.30 114.51 
(21.62) (18.27) (21.38) (25.20) (29.99) (08.44) (27.54) (12.50) 
3 170.68 189.49 179.46 140.88 154.53 180.12 131.19 130.69 
(19.67) (20.39) (36.37) (36.74) (21.50) (32.88) (20.75) (13.86) 
4 121.64 129.29 152.70 149.30 142.60 91.75 118.75 121.71 
(09.60) (15.06) (19.80) (10.77) (22.17) (7.40) (23.10) (20.44) 
5 179.10 162.08 149.07 162.40 154.68 146.95 134.90 145.40 
(15.03) (13.19) (15.48) (12.59) ( 11.19) (13.80) (15.57) (09.70) 
6 123.40 152.70 127.85 131.31 132.30 128.04 126.20 129.66 
(18.87) (20.59) (10.57) (10.57) (14.83) (17.07) (06.16) (14.57) 
7 127.60 135.31 133.03 147.48 127.10 129.07 119.70 129.03 
(12.48) (12.85) (10.76) (05.69) (19.92) (19.11) (07.98) (12.55) 
8 127.69 132.10 130.34 149.39 106.77 118.13 126.45 134.29 
(13.15) (17.74) (11.78) (12.56) (09.19) (13.42) (18.89) (11.83) 
9 110.11 140.90 148.50 149.36 151.69 126.16 147.60 134.50 
(15.30) (25.40) (14.39) (23.37) (17.77) (24.16) (11.80) (22.55) 
10 173.47 170.00 173.27 200.99 153.90 177.69 175.99 182.20 
(19.97) (30.50) (19.34) (21.90) (19.38) (21.56) (30.48) (34.70) 
11 107.29 124.95 127.90 117.01 132.27 141.15 144.43 157.75 
(10.50) (13.33) (17.87) (07.13) (14.73) (20.29) (23.58) (16.65) 
12 133.44 138.06 148.69 147.06 142.30 145.50 121.99 126.76 
(16.70) (22.98) (09.26) ( 11.98) (11.54) (14.54) (13.60) (08.57) 
----------------------------------------------
= X 144.29 150.83 149.61 151.03 144.50 143.09 137.24 142.97 
S.E. (8.40) (5.92) (7.22) (7.22) (5.95) (8.09) (5.90) (7:96) 
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Figure 21. Sample mean and standard error of mean velocity for 
patients and normal subjects over the eight experimental 
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PEAK VELOCITY 
The mean values of peak velocity for individual subjects, along 
wi th the sample mean and standard error, are tabulated for the two 
groups, in Tables 24 and 25, wi th the trend across the data 
presented in Figures 25 and 26. Patients are again significantly 
different fran the nonnal subjects in that they are consistently 
unable to reach such high peak speeds across all conditions. 
When comparing peak velocity across all the experimental 
conditions (Figures 25 and 26), patients show higher peak speeds for 
standing (113.43 deg.SI) compared to sitting tasks (104.67 deg.s-I) 
and for flexion (111.82 deg.s-I) compared to extension tasks (106.28 
deg.s-I). Values for non-stimulus (109.67 deg.s-I) and stimulus 
conditions (108.43 deg.s-I), on the other hand, prove to be very 
similar. As indicated in Figure 25, however, stimulus tasks are 
slightly slower than non-stillllllus tasks over a flexion direction, 
whereas the peak velocities for extension tasks over both conditions 
are very similar. 
Nonnal subjects, alternatively, demonstrate higher peak 
velocities for stimulus (251.71 deg.s-I) compared with non-stimulus 
conditions (241.16 deg.s-I), irrespective of task direction and 
posture and similarly for extension (252.97 deg.sl) compared with 
flexion tasks (239.91 deg.s-I), and sitting (249.48 deg.s-I) compared 
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to standing (243.40 deg s. - I ). All these trends are also 
demonstrated in the plots of individual means for patients (Figures 
27 and 28) and normal subjects (Figures 29 and 30). 
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Table 24 Peak velocities (in degrees per second), with standard 
deviation in brackets, for individual patients over the 
eight experimental conditions, along with the sample 
mean and standard error. 
CONDITIONS 
SITrING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
NS S NS S NS S NS S 
Ss 159.20 147.86 157.97 156.99 162.17 154.31 168.83 164.88 
1 (13.35) (13.78) (18.04) (18.79) (11. 73) (15.14) (11.89) (23.19) 
2 102.69 101.84 99.73 96.48 90.34 63.43 65.16 96.27 
(11.50) (11.95) (14.55) (13.32) (08.94) (09.46) (09.84) (09.31) 
3 76.03 102.19 145.84 170.05 91.49 105.22 154.31 161.93 
(07.57) (12.47) (05.75) (13.55) (13.48) (15.15) (03.85) (06.45) 
4 101.50 108.36 94.29 100.46 109.59 102.69 93.09 73.06 
(06.36) (16.33) (20.78) (11.96) (09.41) (15.94) (19.46) ( 14.16) 
5 96.19 98.98 83.93 76.03 95.53 103.67 95.78 86.39 
(16.40) (07.27) (14.04) (09.08) (12.26) (15.79) (06.92) (07.73) 
6 74.75 84.17 87.63 91.57 70.76 63.76 90.55 93.38 
(04.62) (06.83) (08.44) (09.26) (06.42) (05.67) (01.43) (01.19) 
7 50.21 43.16 50.49 45.13 72.08 55.54 61.14 61.96 
(11.58) (15.44) (10.44) (03.68) (15.22) (14.94) (09.14) (06.99) 
8 74.75 89.99 100.05 116.51 86.65 95.92 118.48 108.61 
(01.16) (10.15) (08.53) (13.43) (06.29) (14.99) (10.51) (11.31) 
9 99.97 113.79 108.61 93.80 162.61 119.45 111.48 168.35 
(16.98) (27.38) (16.76) (18.22) (10.39) (44.55) (36.86) (28.16) 
10 122.43 100.11 98.73 72.80 126.38 108.80 105.45 86.88 
(15.18) (31.37) (08.50) (10.29) (31.39) (21.02) (13.29) (14.15) 
11 163.40 168.35 139.96 157.24 143.11 166.44 160.69 161.64 
(14.50) (10.44) (09.52) (24.46) (19.49) (23.04) (26.00) (30.43) 
12 95.03 92.07 120.10 91.56 108.89 114.78 143.30 101.13 
(12.42) (14.19) ( 11.11) (21.27) (07.51) (09.23) (09.99) (13.42) 
------------------------- ------
X 101.35 104.29 107.33 105.72 109.91 109.50 120.02 114.21 
S.E. (9.10) (08.99) (08.63) (10.91) (09.21) (11.55) (11.45) (11.29) 
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Table 25 Peak velocities (in degIces per second), with standard 
deviation in brackets, for individual normal subjects 
over eight experimental corxiitions, along with the sample 
mean arrl standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
NS S NS S NS S NS S 
Ss 300.80 278.43 329.00 314.60 356.10 338.40 313.48 341.10 
1 (26.84) (50.96) (28.30) (30.27) (30.49) (30.75) (41.30) (47.90) 
2 292.76 296.23 217.80 255.30 241.26 248.25 222.61 208.63 
(29.08) (33.42) (37.09) (46.60) (56.47) (13.49) (55.17) (40.69) 
3 294.29 322.46 294.77 246.69 267.80 314.44 217.99 212.57 
(25.28) (24.46) (63.37) (32.47) (26.00) (61.65) (44.73) (29.97) 
4 233.50 215.98 238.94 229.30 240.67 225.13 215.24 229.80 
(22.33) (31.18) (40.62) (19.98) (22.50) (28.50) (60.41) (35.07) 
5 297.44 264.85 247.66 279.29 261.02 252.50 216.30 236.10 
(14.90) (24.37) (28.10) (24.90) (17.30) (25.10) (28.30) (16.00) 
6 209.57 261.89 196.70 216.70 224.13 206.11 186.61 206.60 
(27.45) (27.97) (16.88) (16.88) (25.00) (31.90) (14.36) (18.03) 
7 226.35 234.33 220.29 254.74 229.56 241.76 182.90 220.18 
(19.03) (14.97) (18.86) (16.72) (27.05) (20.10) (12.75) (25.80) 
8 211.70 240.40 214.10 237.25 200.18 258.25 215.90 209.76 
(27.34) (23.02) (13.30) (17.86) (22.08) (30.60) (21.72) (19.26) 
9 192.86 250.79 234.99 249.10 272.30 256.47 230.55 209.80 
(24.24) (25.68) (14.32) (16.21) (21.09) (22.25) (24.79) (23.90) 
10 264.60 280.97 283.79 331.47 247.40 287.70 336.83 314.97 
(46.70) (60.40) (23.24) (54.10) (29.03) (29.46) (42.400 (57.27) 
11 165.80 191.58 200.30 181.38 213.95 233.10 214.60 242.33 
(18.25) (27.29) (28.98) (11.97) (28.97) (24.38) (34.98) (13.80) 
12 242.15 266.59 228.57 235.73 237.46 252.30 192.30 199.94 
(26.95) (26.87) (27.59) (19.89) (26.45) (25.22) (02.47) (10.38) 
------------------------------------------
= 
X 244.32 258.71 242.24 252.63 249.32 259.50 228.78 235.97 
S.E. (13.16) (10.23) (11.69) (11.77) (11.49) (10.79) (13.76) (13.06) 
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Figure 25. Sample mean and standard error of peak velocity for 
patients and normal subjects over the eight experimental 
conditions. . 
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patients over the four experimental conditions 
in sitting. 
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Figure 28. Mean values of peak velocity for individual 
patients over the four experimental conditions 
in standing. 
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TIME TO PEAK VELOCITY 
The mean values of time to peak velocity for individual 
subjects, along with the sarrple mean and standard error, are 
tabulated for the two groups in Tables 26 and 27, with the trend 
across the data illustrated in Figures 31 and 32. This demonstrates 
that patients are significantly different from nomal subjects, in 
that they consistently take longer to reach their peak speed during 
movement tasks. 
The two groups show different trends when comparing the mean 
values of time to peak velocity across all the experimental 
conditions (Figures 31 and 32). Patients are quicker to peak 
velocity for extension (0.190 sec.) compared to flexion tasks 
(0.204 sec.), whilst times to peak velocity for stimulus (0.195 
sec. ) compared to non-stimulus conditions (0.199 sec.) and sitting 
(0.197 sec.) compared to standing tasks (0.198 sec.) are very 
similar. Although patients' extension movements are slightly faster 
to peak velocity overall than flexion movements, a detailed 
comparison of task direction over stimulus and non-stimulus 
conditions reveals a difference in trend within each direction. 
Flexion tasks are quicker to peak velocity during stimulus compared 
to non-stimulus tasks, whilst times to peak velocity for extension 
movements are alternatively slower or very similar during stimulus 
compared to non-stimulus tasks. 
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Normal subjects reveal very slmilar times to peak velocity for 
sitting and standing (0.113 and 0.112 sec.) and stimulus and 
non-stimulus tasks (0.112 and 0.113 sec.). whilst flexion movements 
(0.109 sec. ) are generally nru.ch quicker to peak velocity than 
extension movements (0.115 sec.). The two samples do share the same 
trend however, in the time taken to peak velocity between stimulus 
and non-stimlllus conditions, within each task direction. Normal 
subjects also reach peak velocity quicker during stimulus as 
cc:anpared with non-stimulus conditions for flexion tasks, whereas 
extension tasks alternatively show the opposite trend with a slooer 
time taken to peak velocity during stimulus conditions. These 
trends are repreSented in the mean values for individual patients 
(Figures 33 and 34) and normal subjects (Figure 35). 
Page 163 
Table 26 : Times to peak velocity (in seconds), with standard 
deviation in brackets, for individual patients over 
eight experimental conditions, along with the sample 
mean and standard error. 
CONDITIONS 
SITTING STANDING 
ElITENSION FLEXION ElITENSION FLEXION 
Ss NS S NS S NS S NS S 
1 0.195 0.199 0.150 0.183 0.211 0.180 0.166 0.188 
(.019) (.029) ( .027) (.018) (.024) (.037) (.024) ( .028) 
2 0.248 0.187 0.198 0.244 0.250 0.360 0.287 0.283 
( .115) ( .043) ( .023) (.049) (.037) (.102) (.096) (.067) 
3 0.102 0.103 0.124 0.112 0.100 0.107 0.127 0.131 
( .019) ( .013) ( .031) (.023) (.012) (.026) ( .016) ( .014) 
4 0.174 0.220 0.258 0.238 0.138 0.200 0.207 0.174 
( .082) (.050) ( .042) (.058) (.020) ( .350) (.030) ( .046) 
5 0.183 0.184 0.246 0.214 0.210 0.183 0.280 0.278 
( .015) ( .022) ( .080) (.063) (.068) ( .027) ( .057) ( .068) 
6 0.230 0.250 0.244 0.218 0.235 0.317 0.251 0.262 
( .037) ( .038) ( .044) (.030) (.078) (.089) (.025) (.020) 
7 0.274 0.253 0.308 0.200 0.250 0.216 0.260 0.185 
( .115) ( .210) ( .115) (.150) (.117) ( .053) ( .057) (.060) 
8 0.143 0.136 0.190 0.196 0.110 0.106 0.154 0.127 
( .032) ( .126) ( .053) ( .042) (.028) (.036) ( .051) (.020) 
9 0.220 0.220 0.263 0.220 0.199 0.194 0.170 0.236 
(.028) ( .063) (.066) ( .084) (.045) (.040) (.037) (.039) 
10 0.168 0.197 0.154 0.198 0.219 0.185 0.216 0.180 
( .034) ( .038) ( .024) (.053) (.096) (.045) ( .039) ( .079) 
11 0.170 0.159 0.196 0.188 0.164 0.150 0.236 0.201 
(.017) (.022) (.035) (.030) (.015) (.011) ( .040) ( .017) 
12 0.174 0.174 0.163 0.165 0.169 0.126 0.169 0.146 
(.045) (.038) (.029) ( .027) (.038) (.017) (.019) (.027) 
X 0.190 0.190 0.207 0.198 0.188 0.194 0.210 0.199 
S.E.(.014) (.013) (.016) ( .010) (.015) (.022) (.015) ( .016) 
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Table 27 : Times to peak velocity (in seconds), with standard 
deviation in brackets, for individual patients over 
eight experimental conditions, along with the sanple 
mean and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 0.115 0.111 0.090 0.110 0.110 0.130 0.106 0.110 
( .028) ( .020) (.020) (.020) ( .014) (.019) (.020) (.019) 
2 0.114 0.133 0.100 0.087 0.148 0.120 0.082 0.084 
( .022) ( .015) (.020) (.012) (.033) (.016) (.022) ( .017) 
3 0.110 0.095 0.087 0.095 0.098 0.100 0.094 0.096 
( .018) ( .020) (.017) (.014) (.013) ( .018) ( .019) (.027) 
4 0.127 0.128 0.105 0.088 0.106 0.124 0.094 0.086 
( .020) ( .030) (.040) (.014) (.016) (.030) ( .035) ( .030) 
5 0.103 0.130 0.120 0.119 0.102 0.138 0.115 0.122 
( .020) ( .020) ( .028) (.020) (.012) (.016) (.017) ( .019) 
6 0.118 0.098 0.118 0.133 0.120 0.110 0.118 0.133 
(.029) ( .023) (.020) (.026) (.020) (.020) (.030) ( .026) 
7 0.126 0.131 0.134 0.130 0.146 0.145 0.115 0.094 
( .016) (.024) (.019) (.024) (.017) (.015) (.035) ( .014) 
8 0.125 0.110 0.121 0.117 0.110 0.090 0.133 0.119 
(.030) ( .010) (.020) (.035) (.020) (.020) (.030) ( .020) 
9 0.130 0.120 0.125 0.110 0.124 0.120 0.110 0.090 
( .020) ( .016) (.020) (.030) (.010) ( .020) ( .030) ( .030) 
10 0.095 0.105 0.090 0.090 0.110 0.098 0.080 0.100 
(.020) ( .020) ( .015) (.020) (.020) (.026) (.010) ( .020) 
11 0.090 0.084 0.105 0.102 0.090 0.095 0.122 0.100 
( .020) ( .020) ( .017) (.010) (.018) (.019) (.020) ( .015) 
12 0.130 0.125 0.150 0.140 0.128 0.140 0.146 0.148 
(.040) (.028) (.032) (.019) (.024) (.035) (.016) (.026) 
---------------------------------------
= 
X 0.115 0.114 0.112 0.110 0.116 0.117 0.110 0.107 
S.E. (.004) (.005) (.005) (.005) (.005) (.005) (.005) (.005) 
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Figure 31. Sample mean and standard error of time to peak velocity 
for patients and normal subjects over the eight experimental 
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for patients and normal subjects over factors posture, 
direction and stimulus. 
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conditions in sitting. 
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NUMBER OF SUB-MJVEMENTS 
The mean values of the rrumber of sub-J11OIleIIleI1ts for individual 
patients, along with the sample mean and standard error, are 
presented in Figures 36 and 37 and Table 28. Results for normal 
subjects are not graphed and tabulated in the usual manner because 
all subjects showed exactly one sub-movement across all conditions, 
wi th no standard deviation present. A comparison of the mean rrumber 
of sub-movements for patients shows very similar values across all 
the experimental conditions: standing compared to sitting tasks 
(1. 716 to 1. 661 units); extension compared to flexion tasks ( 1. 753 
to 1.624 units) ; and stimulus compared to non-stimulus conditions 
(1.744 to 1.633 units). The mean rrumber of sub-movements for 
individual patients (Figures 38 and 39) show a wide range of values, 
with a similar distribution of subjects as occurred with the other 
measurement variables. 
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Table 28 : Numbers of sub-movements, with standard deviation in 
brackets, for individual patients aver eight 
eJq;Jerimental conditions, along with the sample mean 
and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 1.000 1.000 1.125 1.000 1.000 1.286 1.170 1.250 
(0) (0) (.35) (0) (0) ( .49) ( .41) ( .46) 
2 1.000 1.857 1.000 1.286 1.500 2.500 2.125 1.375 
(0) ( .38) (O) (.49) ( .53) ( .53) ( .64) (.52) 
3 1.000 1.000 1.375 1.125 1.000 1.000 1.000 1.000 
(O) (O) (.52) ( .35) (O) (0) (O) (D) 
4 1.800 2.000 2.125 1.375 1.330 1.500 2.857 2.375 
( .44) (0) ( .64) { .52} ( .52) (.53) (1.46) ( .74) 
5 1.714 1.625 1.750 1.750 1.875 1.625 1.375 1.750 
( .49) (.52) ( .70) ( .71) ( .35) (.74 ) ( .52) ( .46) 
6 1.571 1.714 1.250 1.571 1.500 2.000 1.571 1.500 
( .53) (.76) ( .46) ( .53) (.55) ( .58) ( .53) ( .53) 
7 3.000 3.571 2.375 3.000 2.625 2.750 2.444 2.375 
(1.41) (2.82) ( .92) ( .82) (1.41 ) (1.03) (1.59) ( .92) 
8 2.428 2.142 1.666 1.750 3.000 2.125 1.571 2.000 
(.79) ( .69) ( .52) ( .46) ( .63) ( .35) ( .53) ( .58) 
9 1.625 1.875 1.875 2.000 1.625 1.500 1.000 1.250 
( .74) ( .83) ( .99) ( .53) (.52) ( .53) (O) ( .46) 
10 1.625 1.666 1.750 1.875 2.140 1.777 1.200 1.750 
( .52) ( .71) ( .71) (.35) ( .38) ( .67) ( .45) ( .46) 
11 1.250 1.750 1.375 1.375 1.500 2.285 1.375 2.571 
( .46) ( 1.49) (.52) ( .52) ( .53) (1.49) ( .52) (.79) 
12 1.375 1.750 1.500 1.125 1.750 1.625 1.286 1.375 
( .52) ( .46) (.53) ( .35) ( .71) ( .52) ( .49) (.52) 
----------------------------------------------------
X 1.616 1.829 1.597 1.603 1.737 1.831 1.581 1.741 
S.E.(.173) (.187) (.117) ( .157) ( .174) (.149) ( .171) ( .150) 
'E 
·c 
~ 2.0 
• ~ 
i 
.g 1.5 
'" 
'0 
~ 
1.0 
yI I I r---I yI 
NO STIM. SlIM. NO STlM. STIM. NO STlM. STlM. NO STlM. STlM. 
~ Extension -.J L--Flexion-.J L-- Extension-J L-- Flexion-.J 
Sitting Standing _______ -..l 
Conditions 
Figure 36 Sample mean and standard error of the number 
of sub-movements for patients over the eight 
experim ental conditions. 
p 
"E 
] 2.2 
~ 
z 
"' 
" ' ~ 
5l 
u. 
o 
~ 
" :> Z 1.0 
l----r r----I (Patients) I---r r----I 
EXT. 
I L-DIRECT.---J 
SIT~ING FACTORS 
'-______ STANDING _____ ---l 
Figure 37. Sample mean and standard error of the number of 
sub-movements for patients over factors posture, 
direction, and stimulus. 
f'l 
3.0 
3.0 
~. 
~ 
~ 
·2 
2.5 
.3 
~ 
~ 
c 
~ 
E 
~ 
> 
0 
E , 
.c 2.0 
" Vl 
C; 
~ 
.l5 
E 
::I 
~ 
1.5 
1.0 
6 
, . s 
• 
.3 J ~------. 
NO STlM. STIM. NO STlM. STIM. 
Extension Flexion 
Sitting 
Conditions 
Figure 38. Mean values of the number of sub-movements 
for individual patients over the four 
experimental conditions in sitting. 
17'f. 
3.0 
-;; 
~ 
'2 2.5 
-3 
'" ~ c 
~ 
E 
~ 
> 
0 
E , 
.0 2.0 
" 
'" 
"0 
~ 
~ 
.0 
E 
" z 
U 
1.0 
'0 
" 
11 
",~, 
NO STlM. STIM. NO STIM. STlM. 
E.xtension FJexion 
Standing 
Conditions 
Figure 39. Mean values of the number of sub-movements 
for individual patients over four experimental 
conditions in standing. 
175. 
Page 176 
Analysis of Variance -
A three-way between subjects ANOVA (Posture x Direction x 
Stimulus) was conducted on the two groups of subjects for each of 
the measurement variables. In all cases this shows a main effect of 
SUbjects, demonstrating that patients' task performance is 
consistently different to normal subjects. 
REACTION TIME 
MEAN VELOCITY 
PEAK VELOCITY 
TIME TO PEAK VELOCIY 
F(1.23) = 23.32, p<O.OOl 
F(1,23) = 93.92, p<O.OOl 
F(1,23) = 106.53, p<O.OOl 
F(1,23) = 41.27, p<0.001 
A three-way repeated measures ANOVA (Posture x Direction x Stimulus) 
was then conducted on the data for each group of subjects, for each 
of the measurement variables. The results are surmnarised in Table 
29. 
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Table 29 Stmnnary of Repeated Measures ANOVAs conducted for 
patients (n=12) and normal subjects (n=12) on each 
measurement variable. 
PATIENTS 
MEASUREMENT VARIABLES 
R.T. M.V. P.V. T.P.V. S.M. 
INDEP.VAR. SS F SS F SS F SS F SS F 
Posture 175999 1.79 3831 0.77 10179 1.99 27977 0.01 2.2 0.35 
ns ns ns ns ns 
Direction 162524 0.65 3625 2.05 11709 0.69 17544 2.69 2.0 2.21 
ns ns ns ns ns 
Stimulus 34836 45.47 714 0.05 2624 0.15 10910 0.34 1.2 2.70 
*** ns ns ns ns 
PostxDir 19675 0.22 495 0.26 595 1.49 2642 0.03 1.5 0.01 
ns ns ns ns ns 
PostxStim 29164 0.06 104 5.46 434 2.21 8112 0.04 0.6 0.00 
ns * ns ns ns 
DirxStim 20388 0.14 532 1.77 1430 1.13 7051 1.66 1.6 0.30 
ns ns ns ns ns 
PxDirxStim 42177 2.36 385 0.00 764 0.01 8922 0.09 0.6 1.52 
ns ns ns ns ns 
NORMAL SUB.JECl'S 
MEASUREMENT VARIABLES 
R.T. M.V. P.V. T.P.V. 
INDEP.VAR. SS F SS F SS F SS F 
Posture 9738 0.60 3983 3.23 13877 0.70 753 0.13 
ns ns ns ns 
Direction 16402 1.35 7610 0.01 16303 2.76 7624 1.20 
ns ns ns ns 
Stimulus 16684 23.34 1030 2.40 2558 11.48 1613 0.26 
*** ns ** ns 
PostxDir 5190 5.90 1929 1.42 4610 4.62 1585 0.86 
* ns ns ns 
PostxStim 5163 7.54 1744 0.13 3620 0.25 505 0.04 
* ns ns lIS 
DirxStim 8290 0.14 1803 0.04 5209 0.16 1560 0.21 
ns ns ns lIS 
PxDirxStim 3688 1.11 1477 1.67 3544 0.00 1231 0.09 
ns ns ns lIS 
ns non-significant 
* p<0.05 
** p<0.01 
"''''''I( p<O.Dot 
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The details are as follows '-
Reaction Time -
Both patients am normal subjects show a considerable main 
effect of Stimulus; F(l,ll) = 45.57, p<O.OOl am F(l,ll) = 23.43, 
p<O.OOl, respectively. This is consistent with the results 
demonstrating that all subjects take longer to prepare for movement 
tasks during stimulus as compared to non-stimulus corrli tions, 
irrespective of task direction and posture. There are also 
significant interactions in the ,normal sample between Posture x 
Direction and Posture x Stimulus (Table 29). 
Post-hoc analysis of the interaction between Posture x 
Direction reveals that, although reaction times for flexion and 
extension tasks are generally very similar, introducing a postural 
change does cause a difference in outcane for tasks perfonned in 
each direction. Reaction times are very similar for both directions 
when tasks are perfonned in sitting, but a change of posture to 
standing increases reaction time for flexion tasks, and decreases 
reaction time for extension tasks. Post-hoc analysis of the 
interaction between Posture x Stimulus reveals that, al though 
stimulus condi tions always have slower reaction times than 
non-stimulus conditions, regardless of posture, reaction times 
during stimulus conditions are faster in standing than sitting, 
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whereas the opposite trend holds for non-stimulus corxUtions. Thus, 
standing to perform a task during a stimulus condition tends to 
speed up reaction time. No such interactions are present in the 
patients' results arrl there are no other main effects or significant 
interactions in either group. 
Mean Velocity -
Nei ther group of subjects show aIrf main effect of velocity 
across the different task directions arrl postures arrl nor are there 
any differences when the task involves a stimulus condition. 
Patients do show a significant interaction of Posture x Stimulus, 
F ( 1 , 11) = 5.46, p<O. 05, however, demonstrating that although arm 
velocity for stimulus arrl non-stimulus conditions is generally very 
similar, stimulus condition tasks are performed faster than 
non-stimulus in sitting, whereas the reverse trend occurs in 
starrling. There are no signififcant interactions with normal 
subjects. 
Peak Velocity -
Patients show no main effects or interactions in the data for 
peak velocity, demonstrating in particular that peak speeds are not 
significantly different when ccmparing stimulus with non-stimulus 
conditions. Normal subjects, however, do show a main effect of 
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Stimulus, F(l,l1) = 11.48, p<O.Ol, in that peak speeds over stimulus 
conditions are significantly higher than those for non-stimulus 
conditions. 
Time to Peak Velocity -
Neither group of subjects show any significant main effects or 
interactions over the time taken to reach peak velocity, confirming 
the similar values found on comparison of different task directions, 
postures, and stimulus conditions. 
Number of ~ts -
There are no main effects or interactions in the patients' 
data, indicating that any differences in the number of 
sub-movements, occurring over the different task directions, 
postures, and stimulus conditions are not significant;. 
SWMARY OF RESULTS. 
A comparison of stimulus with non-stimulus conditions reveals 
that both patients and normal subjects alvays take longer to 
initiate movement When experimental tasks are performed 
simultaneously with a resisted, isometric flexion contraction of the 
unaffected arm. This result occurs irrespective of the direction of 
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the movement task or the postural setting. Reaction times for 
nomal subjects during stimulus conditions do appear to be faster, 
hcMever, when tasks are performed in standing as compared to 
si tting . A change of posture to standing also appears to slow down 
their reaction times for flex10n tasks generally, whereas reaction 
times of extension tasks are alternatively speeded up. These 
changes, which occur for both directions of task when standing is 
introduced, are not additionally specific to stimulus or 
non-stimulus tasks. 
Some other significant effects of invoking A.R. are 
demonstrated for stimulus conditions over peak and mean velocity 
measures. Patients' results for mean velocity indicate that 
although task speeds are generally very similar over stimulus and 
non-stimulus conditions, a stimulus condition, performed in sitting, 
does tend to speed up patients' movement, whilst introducing a 
standing posture is sufficient to reverse this trend. It is 
important to note, however, that a general comparison of arm 
veloci ty in standing and sitting, shows that standing does not 
appear to cause a general deterioration in task perfonnance, since 
patients generally perform standing tasks more quickly. Also, 
although patients' peak velocities are generally very similar over 
stimulus and non-stimulus conditions, tasks in a flex10n direction 
do differ in that stimulus tasks are performed more slowly than 
non-stimulus tasks. This result occurs despite the fact that the 
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stimulus resistance is in a matching flexion direction. Peak 
velocities for normal subjects alternatively appear to exhibit a 
marked, general increase in task speed over stimulus conditions 
canpared to non-stimulus. 
A breakdown of the results for time taken to reach peak 
velocity over stimulus and non-stimulus conditions reveals the same 
trend for both groups of subjects. Namely, flexion tasks are 
consistently faster to peak velocity during stimulus conditions, 
whereas extension tasks are alternatively slower to peak velocity 
during stimulus conditions. Although invoking A.R. appears to 
accelerate the time it takes subjects to reach peak velocity during 
flexion but not extension tasks, this effect is not sufficient to 
cause a statistically significant result. 
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TI1e same patients and normal subjects who had participated in 
Experiment One undertook Experiment Two (subject profiles, page 1.33). 
TI1e results of the descriptive statistics are again presented for 
each of the five measurement variables in turn, with the results of 
the data analysis presented at the end of the experiment and 
summarised in Table 39. 
REACTION TIME 
TI1e mean values of reaction time for individual subjects, along 
wi th the sample mean and standard error, are tabulated for the two 
groups in Tables 30 and 31, with the trend across the data presented 
in Figures 40 and 41. Patients' reaction times are consistently and 
significantly slower than those for normal subjects across all 
conditions, demonstrating that patients always take a longer time to 
prepare for the movement task. This replicates the findings for 
reaction time in Experiment One. 
TI1e two groups shcw similar trends when canparing the sample 
mean values for reaction time across all the conditions. Reaction 
times for extension and flexion tasks (patients 0.464 and 0.456 
sec.; normals 0.312 and 0.313 sec.) and sitting arrl starrling 
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(patients 0.463 and 0.457 sec.; normals 0.307 and 0.318 sec.) are 
very similar within each group. Both groups, hcMever, take longer 
to prepare for movement during stimulus conditions canpared to 
non-stimulus, irrespective of task direction and posture (patients 
0.484 and 0.436 sec.; normals 0.340 and 0.284 sec.). 
These trends in the data are also demonstrated in the plots Of. 
individual means for patients (Figures 42 and 43) and normals. 
(Figure 44). As demonstrated in Experiment One, there is a wide 
range of reaction times amongst individual patients, with a similar 
grouping of individuals at the extremes of the range of values. 
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Table 30 : Reaction times (in seconds), with standard deviation in 
brackets, for individual patients over eight 
experimental conditions, along with the sample mean and 
standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 0.323 0.340 0.388 0.330 0.374 0.329 0.454 0.406 
(.065) (.038) (.077) ( .050) ( .025) ( .011) ( .145) (.044) 
2 0.374 0.413 0.360 0.408 0.378 0.423 0.388 0.443 
( .044) (.060) ( .038) (.087) ( .019) ( .054) ( .047) ( .071) 
3 0.445 0.408 0.388 0.427 0.383 0.416 0.346 0.417 
( .048) ( .027) ( .032) (.039) ( .019) ( .029) ( .022) ( .029) 
4 0.510 0.520 0.460 0.530 0.325 0.385 0.330 0.623 
( .140) ( .148) ( .082) ( .082) (.030) ( .098) ( .026) ( .142) 
5 0.365 0.325 0.403 0.413 0.353 0.323 0.408 0.408 
(.029) ( .023) ( .042) ( .028) ( .047) (.040) ( .083) ( .037) 
6 0.393 0.510 0.437 0.497 0.463 0.548 0.453 0.498 
( .024) ( .116) (.068) ( .114) ( .035) (.032) ( .068) (.121) 
7 0.657 0.777 0.590 0.527 0.650 0.818 0.600 0.660 
( .119) (.093) ( .106) ( .086) ( .068) ( .108) (.090) ( .089) 
8 0.524 0.550 0.467 0.557 0.520 0.560 0.457 0.488 
(.033) (.060) ( .074) ( .090) ( .045) ( .085) ( .063) (.099) 
9 0.373 0.455 0.343 0.400 0.373 0.428 0.363 0.363 
( .050) ( .053) ( .052) (.089) ( .052) ( .069) ( .045) ( .045) 
10 0.600 0.615 0.437 0.540 0.570 0.598 0.400 0.445 
(.050) ( .048) ( .045) ( .110) ( .070) ( .119) ( .040) ( .046) 
11 0.374 0.490 0.467 0.537 0.400 0.487 0.450 0.500 
( .019) ( .063) ( .056) ( .056) ( .040) ( .110) ( .069) ( .079) 
12 0.450 0.515 0.428 0.595 0.393 0.450 0.560 0.520 
(.059) (.089) ( .044) ( .160) ( .030) (.060) ( .095) (.106) 
-------------------------- ------
-: 
X 0.449 0.493 0.431 0.480 0.432 0.480 0.434 0.481 
S.E. (.030) -( .036) (.019) ( .023) ( .029) (.040) ( .023) ( .025) 
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Table 31 : Reaction times (in seconds), with standard deviation in 
brackets, for individual normal subjects over eight 
eJqlerimental conditions, along with the sample mean and 
standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 0.270 0.300 0.288 0.340 0.280 0.390 0.280 0.380 
(.030) (.030) (.030) (.039) (.026) (.070) (.020) (.090) 
2 0.210 0.240 0.230 0.240 0.250 0.290 0.253 0.254 
( .015) ( .028) (.010) (.016) (.015) (.050) (.026) ( .020) 
3 0.260 0.290 0.263 0.345 0.240 0.290 0.250 0.330 
( .026) ( .055) (.030) (.058) (.040) (.050) (.025) ( .138) 
4 0.275 0.377 0.235 0.270 0.240 0.240 0.260 0.250 
( .060) ( .070) (.030) (.040) (.020) (.030) (.020) ( .020) 
5 0.263 0.403 0.310 0.330 0.263 0.400 0.296 0.340 
(.040) ( .037) (.060) (.047) (.040) (.110) (.118) ( .036) 
6 0.253 0.283 0.245 0.280 0.253 0.285 0.280 0.293 
( .015) (.050) (.021) (.049) (.018) ( .066) (.020) (.046) 
7 0.247 0.270 0.250 0.320 0.257 0.300 0.273 0.280 
( .020) ( .049) ( .027) (.040) (.012) (.070) ( .020) ( .030) 
8 0.320 0.403 0.273 0.385 0.267 0.483 0.298 0.440 
(.070) (.066) ( .018) (.080) (.014) ( .047) ( .030) ( .090) 
9 0.310 0.400 0.350 0.384 0.370 0.460 0.370 0.430 
( .040) ( .034) (.030) (.030) (.040) (.030) (.050) ( .040) 
10 0.283 0.303 0.270 0.320 0.260 0.308 0.286 0.277 
( .037) (.049) (.036) (.046) (.018) (.050) (.070) ( .067) 
11 0.290 0.320 0.340 0.410 0.348 0.400 0.336 0.370 
(.040) (.030) (.069) (.050) (.046) ( .027) ( .050) ( .060) 
12 0.320 0.407 0.330 0.420 0.383 0.409 0.357 0.403 
(.050) (.040) (.072) (.070) (.080) ( .046) ( .094) ( .047) 
X 0.275 0.333 0.282 0.337 0.284 0.355 0.295 0.337 
S.E. (.009) (.018) (.012) (.016) (.015) (.023) (.011) (.019) 
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Figure 40. Sample mean and standard error of reaction time for 
patients and normal subjects over the eight experimental 
conditions. 
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Figure 41. Sample mean and standard error of reaction time for 
patients and normal subjects over factors posture, 
direction, and stimulus. 
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patients over the four experimental 
conditions in sitting. 
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MEAN VELOCITY 
The mean values of mean velocity for individual subjects, along 
with the sample mean and standard error, are tabulated for the two 
groups in Tables 32 and 33, wi th the trends across the data 
illustrated in Figure 45. As in Experiment One, patients' mean 
velocities are consistently and significantly slower than those for 
normal subjects, across all the conditions. 
The two groups of subjects show different trends, however, when 
ccmparing mean velocity across all the experimental conditions. As 
indicated in Figure 45, patients' speeds for tasks over stimulus 
(70.98 deg.s-I) and non-stimulus conditions (71.09 deg.s-I) are 
similar, irrespective of direction and posture, whilst flexion tasks 
(72.33 deg.s·l) are slightly faster than extension (69.73 deg.s·l) and 
Sitting tasks (72.12 deg.s-I) are slightly faster than standing 
(69.95 deg. s-I ). Normal subjects perform tasks in standing (157.25 
deg. s ) faster than those in sitting (155. 18 deg. S-I), flexion tasks 
(157.76 deg.s-I) faster than extension (154.67 deg.s-l) and stimulus 
conditions (158.51 deg.S·') faster than non-stimulus (153.92 deg.s·I). 
These trends in the data are also demonstrated in the plots of mean 
velocity for individual patients (Figure 46) and normal subjects 
(Figure 47). The distribution of in:iividual patients' mean 
veloci ties again shcMs a similar pattern to the results found in 
Experiment One. 
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Table 32 : Mean velocities (in degrees per second), with standard 
deviation in brackets, for individual patients over 
eight experimental conditions, along with the sang;lle 
mean and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 106.61 96.75 99.77 96.03 91.17 96.97 94.59 89.66 
(4.83) (2.59) (3.16) (2.65) (6.89) (30.2) (6.64) (6.15) 
2 67.15 68.79 61.64 63.92 74.79 72.05 65.51 67.04 
(7.06) (6.09) (3.69) (4.99) (6.06) (5.42) (4.73) (5.21) 
3 45.56 45.22 83.72 84.99 69.66 60.03 92.52 76.73 
(7.28) (10.1) (4.38) (6.90) (17.71) (5.54) (4.13) (10.8) 
4 85.00 88.80 79.95 83.75 71.19 76.96 63.72 65.94 
(9.73) (9.37) (7.61) (7.61) (8.78) (9.90) (14.9) (14.35) 
5 65.38 63.13 66.42 59.12 70.83 68.85 66.14 61.04 
(6.05) (6.36) (5.97) (4.02) (5.80) (5.60) (3.14) (3.72) 
6 51.43 51.29 48.79 46.79 48.62 49.28 56.13 54.37 
(4.75) (3.29) (5.59) (8.10) (1.99) (3.91) (4.40) (5.75) 
7 53.85 39.96 47.31 53.28 32.34 30.88 38.80 41.47 
(15.28) (4.09) (2.74) (7.02) (2.18) (7.46) (5.42) (5.38) 
8 48.79 59.04 65.87 74.14 55.63 56.69 70.41 76.84 
(9.05) (7.13) (5.90) (8.18 ) (7.83) (6.17) (5.64) (7.75) 
9 83.02 81.44 83.91 66.37 74.21 77.03 71.79 78.72 
(12.95) (9.84) (9.98) (10.17) (11.96) (12.56) (12.47) (12.36) 
10 74.82 78.35 63.12 56.86 79.98 59.33 72.88 64.83 
(8.76) (8.93) (6.08) (10.75) (19.60) (10.93) (4.93) (5.52) 
11 105.50 111.70 100.96 110.00 65.71 101.36 94.10 102.71 
(11.03) (9.97) (13.99) (5.65) ( 21.08) (24.49) (7.14) (6.74) 
12 71.13 74.07 75.63 72.60 75.48 71.22 80.58 80.56 
(8.56) (5.03) (6.10) (7.12) (4.87) (1. 58) (11.37) (8.83) 
-----------
------
= 
X 71.52 71.55 73.09 72.32 67.47 68.39 72.26 71.66 
S.E. (5.96) (6.18) (5.05) (5.38) (4.48) (5.60) (4.77) (4.69) 
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Table 33 Mean velocities (in degrees per second), with standard 
deviation in brackets, for individual normal subjects 
over eight experimental conditions, along with the 
sample mean and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 156.80 151.28 149.06 181.25 192.75 208.68 219.97 178.77 
(14.65) (13.90) (23.79) (23.00) (35.64) (32.95) (14.12) (43.48) 
2 175.84 170.18 190.40 194.50 176.54 170.19 179.50 211.30 
(19.25) (40.62) (55.86) (33.52) (33.29) (27.99) (30.39) (28.00) 
3 146.56 185.26 163.70 183.39 173.60 162.86 176.07 159.70 
(22.49) (37.77) (17.73) (38.00) (18.34) (19.98) (64.11) (35.50) 
4 150.00 146.60 184.23 167.85 201.89 156.00 200.70 183.21 
(26.90) (11. 9) (26.85) (24.18) (21.10) (26.32) (22.40) (12.65) 
5 218.62 232.80 201.78 165.90 200.13 211.13 164.78 195.56 
(34.92) (77.79) (46.90) (41.59) (7.39) (7.39) (61.59) (22.47) 
6 108.23 124.64 131.15 132.75 97.56 103.54 110.41 107.45 
(40.84) (15.13) (12.67) (11.32) (9.45) (15.61) (8.75) (10.35) 
7 111.60 122.95 133.70 123.26 140.69 143.20 143.35 142.00 
(13.75) (14.53) (16.83) (14.92) (10.97) (19.6) (11.06) (24.50) 
8 138.40 161.24 143.00 166.57 157.04 173.60 163.23 162.77 
(20.38) (17.29) (14.19) (13.92) (13.50) (11.67) (21.96) (22.20) 
9 101.80 123.90 128.17 129.56 138.26 158.26 127.77 150.46 
(12.56) (14.99) (6.04) (8.16) (36.56) (36.56) (14.50) (16.76) 
10 165.16 163.05 140.07 164.70 117.43 146.89 133.56 132.35 
(31.88) (24.08) (25.40) (17.85) (4.03) (26.90) (19.56) (19.76) 
11 153.40 153.30 167.36 173.86 140.29 139.13 129.14 126.89 
(5.6) (14.50) (19.74) (9.88) (10.49) (9.53) (22.24) (21.15) 
12 143.23 150.97 133.00 143.65 134.16 124.72 133.96 146.54 
(14.35) (5.06) (11.72) (19.66) (9.31) (11.39) (8.19) (10.56) 
------
= 
X 147.47 157.18 155.47 160.60 155.86 158.18 156.87 158.08 
S.E. (9.70) (8.83) (7.37) (6.65) (9.67) (8.96) (9.51) (8.70) 
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Figure 45. Sample mean and standard error of mean velocity for 
patients and normal subjects over the eight experimental 
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PEAK VELOCITY -
The mean values of peak velocity for individual subjects, along 
wi th the sample mean curl standard error, are tabulated for the two 
groups in Tables 34 curl 35, with the trend across the data presented 
in Figure 48. Patients are again significantly different fram 
nomal subjects in that they are consistently unable to reach such 
high peak speeds of movement across all conditions. This result 
replicates the finding of Experiment One. 
As demonstrated in Figure 48, patients attain very similar peak 
velocities for si tting ( 110.17 deg. s-I) corrg;lared to standin;:r 
conditions (110.22 OO9.s-I); extension (110.56 deg.s-I) cOlTg;laI'ed to 
flexion tasks (109.84 deg.sl); and stimulus (109.98 deg.s-I) corrg;lared 
to non-stimulus tasks (110.42 deg.s-I). A detailed canparison of 
extension curl flexion tasks for patients, over stimulus and 
non-stimulus conditions, reveals that extension movements are faster 
during stimulus (111. 56 deg. s-I) COlIQ?aI'ed to non-stimulus conditions 
(109.55 OO9.s-I), I"d1ereas flex10n movements are alternatively slower 
for stimulus conditions (108.39 deg.s-I) corrg;lared to non-stimulus 
(111.28 deg.s-I). 
Nomal subjects generally have higher peak velocities for 
standing (266.07 deg.s-I) corrg;lared to sitting conditions (260.74 
deg.s-I), extension (266.46 deg.s-I) canpared to flexion tasks (260.35 
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deg.S-l). and particularly for stimulus (268.03 deg.s-I) compared to 
non-stimulus conditions (258.78 deg.s-I). These trends are also 
demonstrated in the plots of peak velocity for individual patients 
(Figures 49 and 50) and normal subjects (Figures 51 and 52). 
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Table 34 : Peak velocities (in degrees per second), with standard 
deviation in brackets, for individual patients over the 
eight experimental conditions, along with the sample 
mean and standard error. 
CONDITIONS 
SIlTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 159.95 150.92 145.28 141.93 140.49 159.67 144.15 137.95 
(6.65) (4.25) (4.39) (9.10) (9.90) (21.94) (8.14) (12.10) 
2 96.48 103.92 88.58 96.27 109.84 107.76 100.96 100.99 
(9.77) (8.63) (4.33) (9.00) (9.49) (7.80) (9.41) (7.85) 
3 59.80 59.24 131.46 127.12 98.08 83.73 138.51 119.61 
(15.95) (15.98) (8.05) (8.44) (19.49) (7.47) (7.16) (7.29) 
4 130.08 136.26 116.76 110.76 119.71 126.63 113.79 101.95 
(21.59) (13.76) (16.19) (16.19) (12.49) (16.26) (14.75) (20.70) 
5 99.48 111.07 99.23 82.45 100.71 110.09 95.53 88.86 
(7.08) (10.80) (9.00) (9.06) (9.96) (12.74) (5.87) (8.11) 
6 70.10 73.06 70.35 65.17 69.12 70.35 85.90 79.23 
(4.46) (5.48) (9.07) ( 11.37) (2.79) (4.94) (6.06) (7.11) 
7 93.66 82.37 75.69 85.16 55.95 55.30 57.26 62.20 
(19.84) (8.19) (4.62) (21.06) (8.80) (18.2) (5.78) (9.90) 
8 90.44 95.66 104.66 112.84 85.31 95.03 123.09 128.92 
(7.31) (11.65) (1. 77) (16.80) (7.31) (12.59) (3.22) (12.63) 
9 121.94 116.76 125.64 95.77 112.80 114.53 100.43 115.03 
(20.59) (14.22) (14.74) (16.66) (12.68) (16.00) (19.79) (19.77) 
10 110.83 116.26 93.66 80.71 136.75 85.66 107.19 107.13 
(16.73) (14.29) (9.97) (15.09) (21.30) (19.37) (9.27) (10.28) 
11 189.00 192.28 153.43 163.05 168.18 196.15 145.85 157.65 
(12.37) (14.88) (26.56) (7.64) (17.80) (21.29) (11.48) (14.21) 
12 101.95 117.74 125.64 117.49 108.61 117.00 127.69 123.17 
(9.01) (13.09) (7.32) (13.48) (11.12) (7.00) (16.50) (10.96) 
-------------------------------------------------------------------
= 
X 110.31 112.96 110.87 106.56 108.79 110.16 111.69 110.22 
S.E. (10.46) (10.36) (7.66) (8.12) (8.95) (11.13) (7.54) (7.56) 
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Table 35 Peak velocities (in degrees per second), with standard 
deviation in brackets, for individual normal subjects 
over the eight experimental conditions, along with the 
sample mean and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 268.56 251.04 250.50 293.75 341.60 321.60 331.26 300.89 
(24.91) (28.10) (36.13) (23.86) (36.20) (61.86) (42.25) (60.93) 
2 372.60 311.77 331.66 337.07 331.90 300.00 312.98 370.88 
(18.74) (54.29) (62.30) (55.65) (38.23) (69.32) (32.50) (24.13) 
3 245.90 306.58 278.68 300.65 322.27 292.99 301.63 278.93 
(26.99) (55.18) (33.05) (33.28) (22.09) (37.04) (78.40) (27.24) 
4 252.50 253.75 305.30 246.10 316.00 318.17 304.10 320.23 
(38.90) (38.84) (47.20) (34.38) (38.90) (37.66) (37.66) (39.40) 
5 356.45 407.40 346.01 311.63 263.90 314.40 311.97 329.00 
(29.16) (42.00) (40.09) (76.18) (29.12) (29.12) (85.50) (22.68) 
6 198.76 206.85 207.10 210.56 165.14 169.30 167.85 173.50 
(18.31) (22.08) (22.35) (13.20) (6.06) (32.95) (9.32) (13.11) 
7 177.70 191.33 203.39 195.99 244.86 260.00 215.74 218.50 
(24.53) (21.16) (22.88) (27.02) (22.76) (29.60) (15.86) (36.45) 
8 246.84 271.77 237.46 262.39 258.44 296.70 270.04 292.75 
(31.40) (32.90) (40.03) (21.33) (26.70) (20.35) (29.64) (16.80) 
9 174.17 217.20 187.60 211.69 278.43 323.46 189.12 229.70 
(10.9) (25.90) (13.09) (14.54) (26.70) (26.70) (16.72) (20.04) 
10 260.90 258.97 245.70 276.70 224.46 252.48 211.30 205.70 
(43.79) (35.8) (34.50) (31.00) (19.42) (47.36) (31.90) (29.37) 
11 258.69 261.89 270.86 281.15 252.76 244.37 229.06 218.20 
(19.66) (25.19) (26.23) (18.67) (21.53) (23.85) (46.96) (31.27) 
12 236.64 273.17 228.08 234.15 213.93 221.70 220.84 238.38 
(17.99) (18.68) (14.28) (12.59) (7.03) (6.81) (9.94) (18.55) 
------------------------- --------
-X 254.14 267.64 257.69 263.49 267.80 276.26 255.49 264.72 
S.E.(17.54) (16.46) (14.60) (12.84) (13.78) ( 16.18) (16.18) (17.16) 
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Figure 48. Sample mean and standard error of peak velocity for 
patients and normal subjects over the eight experimental 
conditions. 
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patients over the four experimental conditions 
in sitting. 
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subjects over the experimental conditions 
in sitting. 
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TIME TO t>EAK VELOCITY 
The mean values of time to peak velocity for individual 
subjects, along with the sample mean and standard error, are 
tabulated for the twJ groups in Tables 36 and 37, wi th the trend 
across the data illustrated in Figure 53. This demonstrates that 
again patients consistently take longer than nomal subjects to 
reach their peak speed of movement, across all conditions. 
Patients generally take longer to peak velocity during flexion 
(0.193 sec.) compared to extension tasks (0.179 sec.), whilst 
values for non-stimulus (0.187 sec.) and stimulus (0.186 sec.) and 
si tting (0. 188 sec.) compared to standing conditions (0.184 sec.) 
are very similar. Nomal subjects, alternatively, take longer to 
reach peak speed during extension (0.116 sec.) compared to flexion 
tasks (0.114 sec.) and sitting (0.117 sec.) compared to standing 
conditions (0.113 sec.), whereas the time taken to peak velocity for 
non-stimulus and stimulus conditions are the same (0.115 and 0.115 
sec.). These trends are also demonstrated in the means for 
individual subjects (patients, Figures 54 and 55; nomals, Figure 
56). 
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Table 36 : Times to peak velocity (in seconds), with standard 
deviation in brackets, for individual patients over 
eight experimental conditions, along with the sample 
mean and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEKION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 0.181 0.207 0.166 0.191 0.207 0.169 0.176 0.153 
( .015) (.029) ( .018) ( .033) ( .022) ( .023) ( .020) ( .025) 
2 0.191 0.176 0.224 0.200 0.220 0.194 0.244 0.199 
( .028) ( .027) ( .045) ( .037) (.040) ( .049) ( .034) ( .029) 
3 0.100 0.118 0.160 0.157 0.103 0.106 0.133 0.151 
( .028) ( .031) ( .008) ( .030) ( .024) (.029) ( .013) ( .027) 
4 0.174 0.168 0.210 0.216 0.154 0.153 0.150 0.198 
( .035) ( .026) ( .050) ( .050) ( .019) ( .046) ( .039) ( .034) 
5 0.166 0.164 0.194 0.201 0.225 0.165 0.225 0.188 
(.030) (.029) ( .028) ( .087) (.060) (.024) (.050) ( .032) 
6 0.255 0.236 0.236 0.257 0.237 0.265 0.249 0.268 
(.055) ( .038) (.050) ( .086) ( .039) (.043) (.021) ( .049) 
7 0.209 0.214 0.256 0.213 0.230 0.155 0.243 0.216 
( .043) (.044) ( .126) ( .068) ( .067) ( .044) ( .078) ( .029) 
8 0.124 0.120 0.173 0.180 0.117 0.144 0.133 0.166 
( .022) ( .040) ( .0230 ( .030) ( .048) ( .023) ( .034) ( .057) 
9 0.210 0.240 0.203 0.214 0.144 0.183 0.199 0.180 
( .026) ( .057) ( .034) (.037) ( .050) (.042) ( .046) (.055) 
10 0.173 0.170 0.211 0.194 0.224 0.320 0.206 0.195 
( .028) ( .042) ( .037) (.046) (.070) ( .132) ( .026) ( .073) 
11 0.146 0.168 0.197 0.211 0.150 0.147 0.190 0.193 
( .022) ( .020) ( .015) ( .032) ( .018) ( .020) ( .028) ( .025) 
12 0.218 0.150 0.134 0.150 0.155 0.163 0.136 0.133 
(.074) (.060) ( .027) ( .035) ( .062) ( .018) ( .013) ( .024) 
------------------------------------------------
X 0.178 0.178 0.197 0.198 0.181 0.180 0.190 0.186 
S.E. (.013) ( .012) ( .010) ( .008) ( .014) ( .017) (.013) ( .010) 
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Table 37 Times to peak velocity (in seconds), with standard 
deviation in brackets, for individual normal subjects 
over eight experimental conditions, along with the 
sample mean and standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 0.100 0.109 0.095 0.090 0.080 0.080 0.115 0.080 
(.020) ( .016) (.030) (.010) ( .010) ( .029) (.020) ( .020) 
2 0.088 0.123 0.095 0.079 0.110 0.099 0.093 0.086 
( .010) ( .013) ( .014) ( .004) ( .010) (.030) (.015) ( .009) 
3 0.110 0.103 0.085 0.100 0.120 0.106 0.115 0.115 
(.020) ( .027) ( .017) ( .018) (.020) ( .020) (.030) ( .025) 
4 0.103 0.116 0.080 0.102 0.105 0.100 0.090 0.130 
( .030) ( .020) (.030) (.030) ( .009) (.009) (.050) ( .040) 
5 0.098 0.098 0.110 0.166 0.098 0.099 0.076 0.073 
( .020) ( .040) ( .067) ( .070) (.020) ( .020) ( .017) ( .010) 
6 0.150 0.130 0.133 0.124 0.139 0.159 0.148 0.158 
(.027) ( .029) ( .030) (.025) ( .017) (.020) (.022) ( .023) 
7 0.155 0.143 0.130 0.120 0.126 0.110 0.190 0.170 
( .030) ( .017) (.036) ( .032) ( .014) ( .015) ( .035) ( .016) 
8 0.135 0.113 0.141 0.123 0.126 0.115 0.130 0.115 
( .030) ( .016) (.030) ( .033) ( .020) ( .020) ( .024) ( .014) 
9 0.120 0.120 0.120 0.100 0.120 0.108 0.120 0.125 
(.030) ( .020) ( .020) ( .001) ( .030) ( .010) (.040) (.020) 
10 0.095 0.090 0.080 0.070 0.120 0.126 0.090 0.113 
(.020) (.009) (.010) ( .009) ( .014) ( .028) (.015) ( .056) 
11 0.128 0.120 0.123 0.118 0.128 0.151 0.123 0.130 
( .026) ( .020) (.030) ( .016) ( .019) ( .025) ( .019) ( .030) 
12 0.110 0.122 0.116 0.126 0.140 0.136 0.123 0.126 
(.016) ( .004) (.034) ( .019) ( .023) (.021) (.043) ( .028) 
= 
X 0.116 0.116 0.109 0.110 0.118 0.116 0.118 0.118 
S.E. (.006) ( .004) (.006) ( .007) (.005) ( .007) ( .009) ( .008) 
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NUMBER OF StlB-MJVEMENTS 
As demonstrated in Figure 57 and Table 38, patients shcM 
slightly increased values for the number of sub-movements when 
canparing standing to sitting tasks (1.465 and 1.448 units), 
extension to flexion tasks (1.507 and 1.405 units), and stimulus to 
non-stimulus conditions (1.478 and 1.435 units). Mean values for 
individual patients are also presented in Figures 58 and 59. Sample 
mean values of number of sub-lIIOIIaI1eIlts, with standard error, are not 
graphed and tabulated in the usual manner for normal subjects, 
because all subjects shcM only one sub-movement across all 
conditions, with no standard deviation. 
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Table 38 Numbers of sub-movements, with standard deviation in 
brackets, for individual patients over the eight 
experimental conditions, along with the sample mean and 
standard error. 
CONDITIONS 
SITTING STANDING 
EXTENSION FLEXION EXTENSION FLEXION 
Ss NS S NS S NS S NS S 
1 1.000 1.000 1.000 1.000 1.000 1.286 1.000 1.250 
(0) (0) (0) (0) (0) ( .49) (0) ( .46) 
2 1.571 1.333 1.428 1.250 1.000 1.285 1.250 1.285 
( .53) ( .50) ( .53) ( .46) (0) ( .49) ( .46) (.49) 
3 1.000 1.000 1.125 1.000 1.000 1.000 1.000 1.000 
(0) (0) ( .35) (0) (0) (0) (0) (0) 
4 1.125 1.250 1.250 1.250 1.375 1.375 1.125 1.125 
(.35) ( .46) ( .46) ( .46) ( .52) ( .52) ( .35) (.35) 
5 1.875 1.375 1.625 2.000 1.500 1.375 1.375 1.875 
( .64) ( .52) (.52) (0) ( .53) ( .52) ( .52) ( .35) 
6 1.500 2.142 1.625 1.750 1.857 2.000 1.500 1.625 
( .55) ( .38) ( .52) , ( .46) ( .38) ( .53) ( .53) ( .52) 
7 2.000 2.429 1.833 2.125 2.714 2.860 2.375 2.125 
(1.07) ( .53) ( .41) ( .64) ( .76) ( .90) ( .74) ( .64) 
8 2.400 1.555 1.000 1.000 2.000 1.444 1.333 1.286 
( .55) ( .53) (0) (0) ( .71) ( .53) ( .52) (.76) 
9 1.625 1.250 1.375 1.375 1.750 1.625 1.571 1.375 
( .52) ( .46) (.52) ( .52) ( .71) ( .52) ( .53) ( .52) 
10 1.285 1.375 1.714 1.875 1.000 1.625 1.286 1.625 
(.49) ( .52) ( .49) ( .83) (0) ( .52) (.49) ( .74) 
11 1.143 1.125 1.166 1.857 2.000 1.500 1.143 1.500 
(.38) ( .35) ( .41) ( .38) ( .63) ( .55) ( .38) ( .55) 
12 1.500 1.375 1.250 1.375 1.125 1.428 1.166 1.000 
( .53) ( .52) ( .46) ( .52) ( .35) ( .53) ( .41) (0) 
= 
X 1.502 1.434 1.366 1.488 1.527 1.567 1.344 1.423 
S.E.(.124) (.124) (.081 ) ( .119) ( .159) (.136) (.107) ( .098) 
2.0 
'E 
~~ _ 1.6 
~ 
:J 
~ > 1.2 g 
cl 
::0 
Vl 0.8 
~ 
;} 
"' !!i 0.' 
z 
0.2 
r---I (Padents) I I 1: I 
O~-----r-------r------~------~----------~------'--------r-------r--
NO STIM. STlM. NO STlM. STlM. NO ST1M. STIM. NO STlM. STIM. 
L--EXT.---.J L- FLEX.---.J L-- EXT.----' L-- FLEX~ 
'---------SITTING --------' '---------STANDING 
CONDITIONS 
Figure 57. Sample mean and standard error of the number of 
sub-movements for patients over the eight experimental 
conditions. 
2.5 
-;; 
~ ] 
2.0 
~ 
~ 
c 
• E 
• > 
0 
E , 
.tJ 
~ 
'" 
1.5 
"0 
~ 
• 
.0 
E 
~ 
Z 
1.0 
0.5 
, 
.. ,L , .. 
1 + 
31 13 .~lll 
NO STlM. STIM. NO STlM. STlM. 
Extension Flexion 
Sitting 
Conditions 
Figure 58. Mean values of the number of sub-movements 
for individual patients over four experimental 
conditions in sitting. 
21'a 
3.0 
2.5 
~ 
·2 2.0 
.3 
~ 
~ 
c 
v 
E 
v 
> 0 
E 1.5 , 
.0 , 
Vl 
-0 
~ 
.l! 
E , 
z 
1.0 
0.5 
~ 
" 
10 10 
,'-
• 
.. 
3 3'" 
NO STIM. STIM. NO STIM. STIM. 
Extension Flexion 
Standing 
Conditions 
Figure 59. Mean values of number of sub-movements 
for individual patients over four experimental 
conditions in standing. 
219 
Page 220 
Analysis of Variance -
A three-way between subjects ANOVA (Posture x Direction x 
Stimulus) was again conducted on the two groups of subjects for each 
of the measurement variables. In all cases this shows a main effect 
of Subjects, demonstrating that patients' task performance is 
consistently different to that of normal subjects. 
REACTION TIME 
MEAN VELOCITY 
PEAK VELOCITY 
TIME TO PEAK VELOCITY 
F(l,23) = 28.63, p<O.OOl 
F(l,23) = 97.50, p<0.001 
F(l,23) = 98.55, p<O.OOl 
F(l,23) = 42.29, p<O.OOl 
A three-way repeated measures ANOVA (Posture x Direction x 
Stimulus) was then conducted on the data for each group of subjects, 
for each of the measurement variables. The results are surmnarised 
in Table 39. 
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Table 39 Sununary of Repeated Measures MlOVAs for patients (n=12) 
and nonnal subjects (n=12) for each of the measurement 
variables. 
PATIENTS 
~VARIABLES 
R.T. M.V. P.V. T.P.V. S.M. 
INDEP.VAR. SS F SS F SS F SS F SS F 
Posture 32684 0.33 1595 0.78 2715 0.00 12465 0.27 0.8 0.10 
ns ns ns ns ns 
Direction 116486 0.12 2711 0.66 11347 0.01 15461 3.27 1.5 0.20 
ns ns ns ns ns 
Stimulus 34686 16.99 831 0.00 1152 0.04 7680 0.03 0.7 0.68 
*** ns ns ns ns 
PostxDir 18970 1.02 546 0.99 1061 1.21 6926 1.26 0.6 1.62 
ns ns ns ns ns 
PosbtStim 22368 0.00 437 0.04 891 0.04 6423 0.04 0.4 0.17 
ns ns ns ns ns 
DirxStim 29124 0.01 177 0.50 731 2.16 4113 0.00 0.8 1.03 
ns ns ns ns ns 
PxDirxStim 11654 0.07 321 0.03 1011 0.28 4217 0.17 0.2 2.50 
ns ns ns ns ns 
NO~ SUBJECTS 
MEASUREMENT VARIABLES 
R.T. M.V. P.V. T.P.V. 
INDEP.VAR. SS F SS F SS F SS F 
Posture 13276 2.40 10406 0.11 36620 0.20 5252 1.15 
ns ns ns ns 
Direction 6130 0.05 4264 0.59 4296 2.30 2420 0.68 
ns ns ns ns 
Stimulus 24257 34.61 2074 2.69 4824 4.68 2272 0.01 
*** ns ns ns 
PostxDir 10304 0.50 1302 1.40 12436 0.72 6826 0.58 
ns ns ns ns 
PosbtStim 10054 0.00 2125 0.99 5118 0.01 1882 0.02 
ns ns ns' ns 
DirxStim 7707 2.05 815 0.65 5747 0.14 1462 0.17 
ns ns ns ns 
PxDirxStim 3533 2.94 2670 0.07 2716 0.44 1405 0.02 
ns ns ns ns 
ns non-signif icant 
* p<0.05 
'i<'lI:' p<O.Ol 
-If >'it ~ p<O.OOl 
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Both groups of subjects show a considerable main effect of Stimulus 
for reaction time, consistent wi th the results that all subjects 
take longer to prepare for movement tasks during stimulus as 
ccanpared to non-stimulus conditions, irrespective of task direction 
and posture. Patients, F(1,1l) = 16.99, p<O.005 and Normals 
F(1,11) = 34.61, p<O.OOl. Neither group show aIr'{ other significant 
main effects or interactions for reaction time over the different 
task directions or postures. There are, however, no significant 
main effects or interactions in either group for any of the other 
measurement variables. This appears to indicate that variations in 
task direction, posture, and stimulus conditions do not 
significantly alter the timing, coordination, and velocity of 
movement, as measured by the variables mean velOCity, peak velocity, 
time to peak velocity, and number of sub-movements. 
SlJII1IIIARY OF RESULTS. 
The only statistically significant result of invoking A.R. 
found in Experiment Two is a repeat of the principal result for 
Experiment One, namely, reaction times are generally slower when a 
task is performed simultaneously with an additional contra-lateral 
activity. Again, this result, occurs in reaction times for both 
patients and normal subjects, irrespective of posture or movement 
direction. 
Page 224 
A comparison of arm velocity over stimulus and non-stimulus 
conditions also demonstrates a similar trend to one noted in 
Experiment One, in that normal subjects show an increase in arm 
velocity for stimulus compared to non-stimulus conditions, whereas 
patients' task speeds over the two conditions are generally very 
similar. Patients do exhibit a difference in trend, however, 
between stimulus and non-stimulus conditions for peak velocity, over 
the two task directions. Extension tasks performed with an 
additional stimulus condition are faster than comparable 
non-stimulus tasks, whereas flexion tasks are slower under stimulus 
compared to non-stimulus conditions. In this instance it appears 
that a matched extension, isanetric contraction as a stimulus tends 
to increase the speed of an extension task, but alternatively slows 
dawn a flexion task. 
A comparison of arm velocity, over the different task 
directions, reveals that patients tend to perfonn flexion movements 
faster than extension, whereas no clear trend emerges with normal 
subjects. Times taken to peak velocity over stimulus and 
non-stimulus conditions prove to be very similar in both samples. 
All these trends in the data do not result, however, in 
statistically significant effects in either sample. Thus although 
invoking A.R. by introducing a stimulus condition or changing the 
postural set slows dawn reaction time prior to movement it fails to 
affect the temporal or velocity characteristics of task performance. 
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PART 2 RESULTS OF THE QUESTIONNAIRE SURVEY. 
A total of 128 patients were approached and a total of 100 
questionnaires were completed and returned; 78.13% of the total. A 
profile of subjects involved showed that 43% of the sample had 
suffered a right hemiparesis and 57% had suffered a left 
hemiparesis. Additionally the breakdown of time elapsed since 
subjects had suffered their stroke was as follows -
% of SAMPLE 
31% 
32% 
9% 
22% 
6% 
TIME POST-STROKE 
0- 16 weeks 
17 - 32 weeks 
33 - 48 weeks 
49 - 96 weeks 
> 96 weeks 
A frequency distribution of the total scores achieved across 
the sample of 100 subjects was calculated for A.R. arr:i spasticity 
in turn. These are presented in Figure 60 in the form of 
histograms. A scattergram correlation of the total scores for A.R. 
and spasticity was also conducted, Figure 61, and this showed a 
general trend tCMn'ds a positive correlation; ie. positive scores 
for A.R. were coupled with positive scores for spasticity. There 
were, however, subjects (n=31) who did not follow this trend. They 
tended to be clustered at the lower end of the scale arr:i typically 
scored zero for A.R. and between zero (n=18), up to a maximum of 10 
(n=13) for spasticity. There were also subjects who scored zero for 
spasticity, but who did score on A.R. responses (n=10). 
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The results of descriptive statistics conducted on questions 
related to A.R. and spasticity are presented separately. 
Associated Reactions -
A subject was considered to exhibit sane kind of A.R. response 
if a positive score occurred on an<[ one of the six categories of 
Cp.'i!4) . 
A.R. stimulus, Out of the sample of 100 subjects questioned, 69% 
showed some kind of A.R., whilst 31% did not shcM any A.R. Of the 
subjects who had suffered a right sided hemiparesis 67.44% showed 
some kind of A.R., whilst 70.18% of those who had suffered a left 
hemiparesis showed A.R. A breakdc:Mn of subjects, into various 
categories of time post-stroke, showed that : 
51.61% at 0-16 w=eks post-stroke showed some kind of A.R. 
75.00% " 17-32 weeks " " " " " 
77.78% " 33-48 weeks " " " " " 
77.27% " 49-96 w=eks " " " " " 
83.33% " > 96 w=eks " " " " " 
The general results reported above demonstrate that A.R. are a 
CCBlIIlIOn phenanenon which occur in the majority of the subjects 
questioned. There does not appear to be an<[ preferential outcome 
favouring one side of hemiparetic lesion more than the other, but 
the longer the time post-stroke the greater the percentage of 
subjects who exhibit A.R. This may be in accordance with 
suggestions, as is stated later, that A.R. are closely linked with 
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spasticity and that spasticity is again found to be more developed, 
the greater the time post-stroke. 
A breakdc:Mn of the types am rrumbers of A.R. reported by the 
69% of subjects who had positive scores for A.R. shcM:d. that of 
these -
23.19% 
42.03% 
59.42% 
42.03% 
47.83% 
34.78% 
reported that CLENCHING caused A.R. 
" "WALKING caused A.R. 
" "YAWNING caused A.R. 
" "COUGHING caused A. R. 
" "STARTLE caused A. R. 
" "ACTIVITY caused A. R. 
Whilst the following percentages of subjects reported that one or 
Cl£- -ttIs... ~ m~i~ ~ 
more A.R. responses oc=red -T . 
39.13% exhibited ONE category of A.R. 
18.84% " " 'IW) categories of A.R. 
13.04% " " THREE categories of A.R. 
14.49% " " FOUR categories of A.R. 
11.59% " " FIVE categories of A.R. 
2.09% " " SIX categories of A.R. 
These results indicate that a larger proportion of the subjects 
Who exhibit A.R. only score positively on one category and the 
general trend is that the percentage of the sample reporting between 
t:w::l am six categories of A.R. progressively decreases. The 
frequency of oc=rence of the particular categories of A.R. 
reported by the sample of 69 subjects, reveals that yawning is the 
stimulus which most c:onmonly invokes A.R. Startle am cough, two 
other types of semi-reflex stimulus, are next most frequently 
reported, whereas A.R. elicited by voluntary activity types of 
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stimuli feature much less frequently overall; ego clench was 
reported as a positive response in only 23.19% of subjects. 
Further descriptive statistics were also conducted on the types 
and numbers of A.R. categories which occur over the breakdown of 
the five groups of subjects, at different times post-stroke. The 
trends for each of these five groups of subjects, on the numbers of 
A.R. they exhibit, varied in sane respects from the same breakdown 
of results for the main sample of 69 subjects. The first two groups 
of subjects, representing the earlier time post-stroke categories 
(0-16 and 17-32 weeks), demonstrate the same trend as the main 
sample; namely a higher percentage of subjects score on only one 
category of A.R. Results for the latter two groups of subjects 
(49-96 and > 96 weeks), however, show very similar percentages of 
subjects reporting between one and six A.R. responses. In these 
two groups, therefore, there is a greater percentage of subjects who 
report multiple categories of A.R. 
The results of the types of A.R., reported by subjects in each 
of these five groups, also show some differences in outcome to those 
reported by subjects in the main sample. In the first group of 
subjects (0-16 weeks post-stroke), the percentage of subjects who 
report a positive response to each of the six different types of 
A.R. stimulus, is consistently lower than the percentage outccme 
for the main sample, except that is for the stimulus of yawning. In 
Page 231 
this instance a higher percentage of subjects of 0-16 weeks report 
A.R. occurring with yawning, than occurred in the main sample. In 
the last group of subjects of >96 weeks post-stroke, ~r, the 
percentage results for three of the categories, cough, startle, and 
activity, prove to be higher than those of the main sample, whereas 
the yawn stimulus occurs less frequently in this group of subjects. 
The breakdown and analysis of results for types and numbers of 
A.R. categories over the two groups of subjects representing right 
and left hemiparetic patients, shows a very similar outcome to those 
reported for the main sample. Again there seems to be no 
preferential outcome of either type or number of A.R. which occur 
in these two groups. 
A further detailed examination was also made into the 
intensity, location, and frequency of the response for each category 
of A.R. Results for three of the categories, yawn, cough, and 
startle, all show that a higher percentage of subjects consistently 
score a high degree of intensity, in response to the stimulus 
condition. Alternatively, the lowest degree of intensity, is 
reported as the most frequent outcome over both walk and activity 
stimulus categories. This outcome also held with a clench stimulus, 
although to a lesser extent. No clear pattern emerged, ~r, in 
detailed results of location or frequency of response for each of 
the various categories of stimuli. 
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The results of the descriptive statistics for the subject's 
perceived level of spasticity show very similar trends to those 
reported for A.R response. OUt of the sample of 100 subjects, 72% 
reported sane degree of spasticity, whilst 28% did not show any 
spasticity. Of the subjects who had suffered a right-sided 
hemiparesis, 69.77% reported some spasticity, whilst 73.68% of those 
wi th a left hemiparesis showed some spasticity. A breakdown of 
subjects, into various categories of time post-stroke, showed that : 
64.52% at 0-16 weeks post-stroke showed some spasticity. 
71.80% .. 17-32 weeks .. .. .. .. .. 
77.78% .. 33-48 weeks .. .. .. .. .. 
77 .27% .. 49-96 weeks .. .. .. .. .. 
83.33% .. > 96 weeks .. .. .. .. .. 
The results demonstrated that, as with outcome for A.R., 
spasticity of some degree is reported by the majority of subjects 
questioned. There does not appear to be 8Wf preferential outcome 
favouring one side of lesion more than the other, but the longer the 
time post-stroke, the greater the percentage of subjects who appear 
to eXhibit some spasticity. 
A parametric correlation was run on the sample of 100 subjects 
for the four major factors for each subject; these included the 
subjects' aggregated scores for A.R. and spasticity, along with the 
side of lesion and time post-stroke. The results indicate that A.R. 
correlate strongly with spasticity in all instances at the 0.01 
level. A further parametric correlation was also conducted across 
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all the scores for individual questions, in both A.R. and 
spasticity sections. This was conducted for the 89 subjects fran 
the sample of 100 who were able to complete all sections of the 
questionnaire; the 11 subjects who were unable to stand were 
excluded. 
As previously indicated by the strong correlation found between 
A.R. and spastiCity in the aggregated scores, a good correlation 
also exists between eacb of the six individual A.R. categories and 
the five scores considered to represent the subject's perceived 
level of muscle tonus. These latter five scores were considered to 
be defined by: the feel/look/location of arm position, first in 
sitting and then in standing; the position of the band at rest, both 
in sitting and standing; and the ease/difficulty of doing passive 
movements of the fingers. 
CLENCH •••••••••••••• correlates with 3 of the 5 spasticity scores. 
Range (0.211 - 0.365) 
WALK ..•.•...•..•.... correlates with all 5 spasticity scores. 
Range (0.424 - 0.659) 
YAWN .........•••.... correlates with 4 of the 5 spasticity scores 
Range (0.223 - 0.441) 
COUGH ........••..•. correlates with all 5 spasticity scores. 
Range (0.226 - 0.498) 
STARTLE •••••••••••• correlates with all 5 spasticity scores. 
Range (0.213 - 0.423) 
ACTIVITY ••.••..•••.. correlates with all 5 spasticity scores. 
n = 89 
> .205 @ 0.05 sig 
> .267 @ 0.01 sig 
Range (0.239 - 0.588) 
All the questions related to A.R. and spasticity shcM a very 
high internal consistency, as represented by the excellent 
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correlations for all parts of individual questions. The results of 
these correlations for A.R. stimuli and spasticity scores ranged 
from -
A.R. Stimuli 
CLENCH 
YAWN 
COUGH 
STARTLE 
ACTIVITY 
n = 89 
0.7509 
0.7958 - 0.9196 
0.8180 - 0.8886 
0.8363 - 0.8720 
0.8133 - 0.9240 
> .205 @ 0.05 sig 
> .267 @ 0.01 sig 
Spasticity 
SITrING 
STANDING 
0.4563 - 0.7648 
0.4616 - 0.7660 
There was also a high correlation between questions related to 
the perceived level of muscle tone in Sections I and II, sitting and 
standing (0.361 - 0.860), and also amongst all the A.R. categories. 
The correlations of A.R. categories to each other are as follows -
STARTLE (S) •.••• correlates with all of the 5 remaining categories. 
ACTIVITY (A) •... correlates with 4/5 categories; Y, CL., C, S. 
COUGH (C) ..•.... correlates with 4/5 categories; Y, S, A, W. 
YAWN (Y) .••••••• correlates with 3/5 categories; C, S, A. 
~ (W) ...•.••. correlates with 2/5 categories; C, S. 
CLENCH (CL) ••••. correlates with 2/5 categories; S, A. 
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Summary -
A.R. are reported by 69% of 100 subjects questioned and 
although results for A.R. do not vary with the side of the lesion, 
the longer the time post-stroke, the greater the percentage of 
subjects who exhibit A.R. Yawnir:g is the stimulus which is most 
likely to invoke A.R., whilst startle and cough, two other types of 
semi-reflex stimuli, are the next most frequently reported. A.R., 
elicited by voluntary activity elsewhere in the body, occur much 
less frequently. The majority of subjects, however, only report a 
response to one of the six possible categories of A.R. they were 
questioned on. The exceptions to this trend were the groups of 
subjects of >49 weeks post-stroke, where a larger percentage report 
a response to several categories of A.R. Results for the intensity, 
location, and frequency of response for each category of A.R. show 
that a higher percentage of subjects score a high degree of 
intensity of response for yawn, cough, and startle, whereas a lower 
intensity of response is reported for walk and activity categories 
of A.R. stimulus. 
Spasticity of same degree is reported by the majority of 
subjects questioned, and the longer the time post-stroke, the 
greater the percentage of subjects who apparently exhibit 
spasticity. Indeed the percentage of subjects in the sang;>le who 
perceived same increased level of nruscle tone, are very similar to 
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the results reported for A.R. A strong correlation was demonstrated 
to exist between all the scores in the two major categories, A.R. 
and spasticity. In all instances, all questions, related to either 
A.R. or spasticity, show a very high correlation, thus 
demonstrating a good internal consistency in the questions. A.R. 
categories correlate well with each other and this was particularly 
the case with the three conditions representing semi-reflex stimuli, 
startle, cough, and yawn. 
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CHAPTER FIVE SlWMARY, DISCUSSION, AND CONCLUSIONS. 
In early studies on A.R. (Brunnstran, 1956; Riddoch and 
Buzzard,1921; Simons, 1923; walshe,1923) it is reported that they are 
an important reflex phenomenon, with a sufficiently strong motor 
effect to initiate reflex IlIOIIeIllent and cause an increase in muscle 
tone in the static, hemiparetic upper limb. It seems reasonable 
therefore to postulate that invoking A.R. immediately prior to, and 
during a voll.U1tary movement task might be expected to have sane 
effect on performance. The aims of the experimental analysis 
tmdertaken were tlrus to establish whether there were ~ effects on 
voll.U1tary movement performance when A.R. were invoked by 
introducing either a contra-lateral stimulus activity or a change of 
posture to standing. The nature of this contra-lateral activity \'as 
changed fran resisted elbow fleKion to resisted elbow extension 
between Experiments One and Two, respectively, in order that any 
specific relationship between matching or opposing task direction 
and stimulus resistance could be determined. Thus single or 
multiple effects of combining a stimulus condition with different 
task directions or postures could be examined. 
A.R. are also 
following a stroke 
reported to be a very common occurrence 
(Mulley, 1982) , but a broad data base has never 
been established on their prevalence and characteristics. They are 
reported to result fran various types of stimuli, ranging fran 
Page 238 
semi-reflex to voluntary activities and are also apparently closely 
linked with spasicity (Walshe,1923). A questionnaire survey was 
tlrus undertaken to determine the oc=rence and prevalence of sane 
of these features of this phenomenon. 
Experimental Findings 
Pilot Study -
Initial results in the pilot study revealed that invoking A.R. 
with a strong fist clench and elbow flex10n (Walshe,1923) slowed 
down patients' abUi ty to start movement off and also to reach peak 
velOCity, but had no effect on the velocity of the movement task 
itself. This temporal effect, exhibited during stimulus conditions, 
was not sustained, ~r, when six of the patients repeated the 
twenty experimental tasks for a second time during the same session. 
It seems therefore, that although invoking A.R. initially had the 
effect of degrading the patients 'response to the voluntary movement 
task, as demonstrated by the slower reaction time and time taken to 
reach peak speed, this effect appears to be influenced by practice 
and may not therefore be particularly robust. The failure to find 
any strong behavioural effect of A.R. on the experimental task was 
in contradiction to either the facilitation or degradation of task 
speed expected with patients' flex10n and extension tasks, 
respectively. Neither of these tI'D main results oc=red with the 
Page 239 
small group of normal subjects, therefore they are tentatively 
interpreted as features of the limited effect of invoking A.R. with 
stroke patients. 
Task speeds, hcMever, were noted to be consistently faster for 
all subjects in the pilot study during flexion canpared to extension 
movements, irrespective of stimulus and non-stimulus conditions. 
Although this effect on task direction is not of primary interest, 
it is considered because there are several reasons why such a 
differential split in task pefonnance might have arisen. Patients 
task perfonnance is consistent with the slower rate of recovery 
reported for extension canpared to flexion movements. This does not 
aCCOWlt, however, for normal subjects showing the same effect. The 
latter result was not anticipated, but there may have been sane 
influential factors. It is possible that target siting, with the 
I STOP I target positioned closer to the body for flexion tasks, as 
compared to extension tasks, may have i.ng;>roved visual control for 
flexion movements and tiros influenced performance. Additionally, 
the fixed order of experimental conditions, where all extension 
movements always preceeded the flexion tasks, enabling increased 
practice and familiarity with the experimental procedure for flexion 
movements, may have influenced results. 
Although the very low rrumber of normal subjects in the pilot 
study certainly limits arr<j interpretation of these effects on task 
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speed, a change was made in the e1q?erimental design for the main 
study. A randanised presentation of conditions was introduced to 
try and limit an'{ practice effect and to prevent arrJ bias in 
subjects' task performance. Computerised randamisation of the 
length of the time interval between the 'Ready' command and the 
'start signal' was also included to try and prevent subjects 
anticipating the 'start signal', and thus possibly affecting the 
outccme of reaction time being measured. 
Main Experimental Findings -
The results of the more extensive investigation of A.R. 
conducted in Experiments One and "lW are discussed together, with 
respect to the hypotheses stated at the outset. Namely-
Associated reactions affect the performance of discrete, voluntary 
goal-directed movements. 
(i) A.R. improve voluntary movement if tasks are coupled with a 
matching direction of contra-lateral stimuli. 
(11) A.R. degrade voluntary movement if tasks are coupled with an 
unmatched direction of contra-lateral stimuli. 
The results of these e1q?eriJnents indicate that invoking A.R. had. 
only a limited effect on some of the measurement variables. The 
principal result was the effect on task reaction time when a 
stimulus condition was introduced. Both patients and normal 
subjects took longer to initiate movement during tasks under 
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stimulus as compared to non-stimulus condi tions, in both 
experiments. This effect occurred irrespective of the subject's 
posture and irrespective of whether the task direction matched or 
opposed the direction of the stimulus resistance. This result 
replicates the slower reaction time found for patients during the 
pilot study when a stimulus comition was introouced. 
Al though there was no effect on task reaction time for nonnal 
subjects in the pilot study, both groups of subjects share the same 
slower, or degraded, reaction time in the two main experiments. It 
seems likely that the intrcxl.uction of randanisation of the time 
interval in the task command sequence, plus increasing the number of 
subjects to twelve, enables the general effect on reaction time to 
be more accurately established in the normal sample. Given that the 
temporal effect established with patients is shared by the normal 
subjects, it may not simply be attributed to the pathological 
response of invoking A.R. Reaction times for nonnal subjects also 
appeared to be faster when the stimulus comi tions were performed in 
standing as opposed to sitting in Experiment One. It is difficult 
to draw any firm conclusions from this apparent interaction of 
posture and stimulus condition, because this effect was not 
sustained by normal subjects during Experiment Two. 
The results which occurred for the remaining measurement 
variables, representing velocity, timing, and coordination of 
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movement, when A.R. were invoked, reveal that there are very 
limited trends consistent with the experimental hypotheses and only 
two statistically significant results. Patients' ann velocity was 
generally very similar over stimulus and non-stimulus conditions in 
both elq?eriments and thus there did not appear to be arr<f 
• 
facilitation or degradation of movement when A.R. were invoked. 
One variation fran this general trend with stimulus/non-stimulus 
conditions, however, did occur in Experiment One, when a significant 
trend for faster movements for stimulus tasks in sitting was 
reversed when stimulus and non-stimulus conditions were performed in 
standing. It would tlrus appear that in this instance, standing 
tended to degrade the actual facili tatory effect of the stimulus 
condition. This result was not upheld during Experiment Two. 
A trend did emerge in the results of Experiment Two, however, 
when the direction of task and stimulus resistance were matched or 
opposed. stimulus tasks were generally speeded up, facilitated, in 
canparison with non-stimulus conditions when the movement task was 
in an extension direction, whilst flex10n stimulus tasks were 
alternatively slowed dcmn or degraded. This result with extension 
tasks coincided with a matching direction of stimulus resistance. 
This limited trend towards a faclli tatory effect on task velocity, 
when movement direction matched the stimulus resistance, was not 
sustained, however, in the first experiment. In that instance 
resul ts for peak velocity were slower during stimulus compared to 
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non-stimulus conditions, despite the fact that the stimulus activity 
was a matching flexion resistance. 
Arm velocities for normal subjects proved to be generally 
increased un::!er stimulus conditions in both el!periments, but this 
was particularly the case for values of peak velocity during 
Experiment One. This fac1litatory effect during stimulus corxiitions 
was not specific to the direction of the movement task, however, and 
indeed was not evident for peak velocity at all in Experiment '1WJ. 
Otherwise, l.ll'llike the results for the pilot study, normal subjects 
and patients did not demonstrate any other significant differences 
in ann velocity during different task directions or postures, in 
either el!periment. The alteration made in el!perimental design, to 
include a rarxiomisation of conditions, may have contributed to this 
change, since all the other possible contributory factors discussed 
previously remained the same. Patients, however, as might have been 
anticipated, still tended to perform flexion movements faster than 
extension. 
The timing and coordination of movement was considered to be 
represented by the variables time to peak velocity and number of 
sub-movements. Both patients and normal subjects exhibited the same 
trend for time to peak velocity under a flexor stimulus activity in 
Experiment One. Namely, flexion tasks were quicker to peak velocity 
l.ll1der stimulus conditions, whilst extension tasks were alternatively 
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slower under stimulus as compared to non-stillllllus conditions. 
Although this was not a statistically significant result, it may be 
interpreted as a limited indication that invoking A.R. tended to 
speed up the task when it was in a matching flexion direction. 
The general, significant increase in time taken by patients to 
reach peak velocity, which occurred during stillllllus conditions in 
the pilot study, was not sustained therefore in either Experiment 
One or Experiment Two. This effect in the pilot study is influenced 
by the fact that time to peak velocity was calculated from the 
'start signal' up to the actual time peak velocity was reached, 
mereas in the main study, time to peak velocity was more correctly 
calculated from the actual start of movement up until peak velocity 
was reached; thus excluding reaction time. The fact that reaction 
time, which was increased for stillllllus conditions, was incorporated 
into the measure time to peak velocity in the pilot study, is thus 
probably the cause for the corresponding increase in time to peak 
velocity which occurred. 
There was also no behavioural effect noted on patients' 
affected arms, immediately prior to the movement task, when the 
stimulus activity was initiated by the unaffected arm. The 
Ume-span of the Polgon sampling had been extended in the main study 
to include this period, so that any response of the hemiparetic arm, 
prior to movement, could be noted, in addition to monitoring the 
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experimental task itself. 
General Discussion. 
The results of these experiments indicate that there are very 
limited behavioural effects when A.R. are invoked. Patients 
generally perform stimulus and non-stimulus tasks similarly, whether 
tasks are performed in standing or Sitting, or whether the stimulus 
resistance is matched or opposed to the direction of the movement 
task, tlrus showing no facilitation or degradation of movement. The 
control sample of normal subjects, on the other hand, generally do 
exhibit faster movements for stimulus condition tasks, although this 
was not specifically related to a matched direction of stimulus 
resistance. Thus a simultaneous, contra-lateral activity does tend 
to facilitate task performance with the normal sample. 
The main effect which occurred in these experiments, however, 
was not during, but prior to the movement task, as demonstrated I::ri 
the slower reaction time noted in both groups of subjects, for tasks 
performed simultaneously with a contra-lateral stimulus activity. 
Thus the fore-stated hypotheses that A.R. may either facilitate or 
degrade the performance of a voluntary movement, depending on 
whether the stimulus activity matched or opposed the direction of 
the task, are only upheld for the slowing and degradation of task 
performance, as measured I::ri reaction time. 
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The failure of these experiments to demonstrate any behavioural 
effects of A.R. is in contradiction to the results of previous 
studies where A.R. are reported as a strong reflex phenomenon which 
may invoke or modify a patient's motor response (Brunnstrom,1956; 
Simons,1923; Walshe,1923). The difference in these results may be 
due to several factors. Sensitive, objective measurement systems 
and a controlled experimental situation were not used in the earlier 
studies. Outcome in one study (Brunnstrom,1956) for instance, W3S 
measured on single, subjective observations of whether movement or 
change in nruscle tone occurred. Patient selection may also have 
biased the outcome of A.R. reported in Walshe's study (1923). He 
studied a group of patients who appeared to be at a much later time 
post-stroke and who had more established spasticity. Also, these 
studies were entirely confined to assessment of the effect of A.R. 
in the static upper limb and are not therefore directly comparable 
with the present study. The results of this study are supported, 
hcmever, by a small, preliminary study of the phenomenon by Lough 
(1984). He ~ned A.R. in a group of four patients as part of an 
investigation into visuo-motor control following stroke. He 
reported no effect on the velocity characteristics of the movement, 
measured by the average and peak speed, when invoking A.R. , but he 
did find an increased reaction time between non-stimulus and 
stillll1lus condition tasks. 
The shared effect of a marked increase in reaction time, found 
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in this study across both groups of subjects, infers that the result 
for patients may not be directly attributable to the pathological 
changes following a stroke. Indeed, achieving the same result for 
reaction time with the two samples is confusing; my do both groups 
show the same effect? If the result occurs with a normal sample it 
must then be a feature of a normal physiological response. The 
resul ts for reaction time with the nomal sample may be explained by 
the various effects mich can occur on human performance Wnen there 
is bilateral activity and interaction between right and left sides 
of the body (Cohn,1951; HaUSlllaIlCMa-Petrusewicz,1959; !(elso et 
al,1979; Martenuik and McKenzie,1980; Ohtsuke,1983). Ohtsuke (1983) 
reported, for instance, that one feature of the effect of 
inter-hemispheric interaction is that the initiation of a voltmtary 
reaction to an external stimulus, using both hands simultaneously to 
perform the reaction movements, is known to be slower than in the 
cases of single hand reaction. He has also reported on the 
interference effect mich occurs during simu.ltaneous, bilateral 
exertion, as demonstrated Wnen testing isometric strength during 
single or bilateral limb strength tasks. These 'interference' 
effects he has described may explain the effect of increased 
reaction time found in this study with nomal subjects, under 
stimulus conditions. 
Bilateral activity has also been shown to affect ~nt 
performance Wnen bilateral tasks are compared with unilateral 
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movement tasks. The interaction effects in bilateral activity 
appear to be due to descending motor influences, rather than 
propriospinal reflexes (Cohn,1951), and various models have been 
developed to explain the interaction of ipsilateral and 
contra-lateral innervation in movement production (Preilowski ,1975; 
Martenu1k and McKenzie,1980). Both symnetrical and asymnetrical 
bilateral performance has been observed in normal subjects and 
canm.issurotany patients (Cohen,1970; Preilowski, 1972) . Asynrnetrical 
performance demonstrated interference effects, not found in the 
symmetrical case, Which were attributable to the asymnetric 
condition causing a conflict between the differing ipsilateral and 
contra-lateral CC8l'Il'lIaI'rl. In the symnetric condition, no such 
conflict is present, because the ipsilateral and contralateral 
canrran::ls both specify the same goal. AI though bilateral movement 
was not a feature of the experimental task in this study, a 
tentative parallel may be drawn, because bilateral interaction was 
required Whilst sustaining an isometric muscle contraction on one 
side of the body and conducting a voluntary movement with the other 
side. Contrary to these studies on bilateral interaction and the 
fore-stated studies on A.R., no facilitatory or adverse effects were 
noted on motor performance during these experiments when tasks were 
performed under stimulus conditions. 
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Conclusions 
The questionnaire survey indicated that A.R. are indeed a 
cc:mnnon phenomenon, occurring in a large majority of the stroke 
patients questioned, and that their prevalence is closely linked to 
the level of spasticity subject's perceived in their hemiparetic 
arms. Al though there does not appear to be any preferential outcome 
for A.R., favouring one side of hemiparetic lesion more than the 
other, the longer the time elapsed post-stroke, the greater the 
percentage of subjects who exhibited A.R. Yawning, along with 
startle and cough to a slightly lesser extent, proved to be the 
stimuli which most frequently and Vigorously invoked A.R., whereas 
A.R. elicited by activity types of stimuli, featured much less 
frequently overall. Also, a higher percentage of subjects 
consistently scored a high degree of intensity of A.R. response 
over the three semi-reflex categories of stimuli, yawn, cough, and 
startle, whereas a lower degree of intensity of A.R. was reported 
as the most frequent outcane over both walk and activity stimulus 
categories. It w:m.ld appear therefore that the semi-reflex stillnlli 
are more effective than voluntary activity in invoking A.R. Also 
the majority of patients questioned only reported a positive 
response to one, rather than all, of the st1Jmllus conditions 
presented in the questionnaire. 
The experimental work conducted into the effects of A.R. on 
Page 250 
voluntary movement demonstrated that patients fail to show art'Y 
behavioral effect on the motor response when A.R. are invoked. 
These results have implications for the therapeutic procedures 
employed in the treatment of stroke patients. They do not 
substantiate the contentions about A.R. made by either of the two 
najor physiotherapy treatment approaches, in that A.R. were neither 
found to initiate or facilitate voluntary ~t 
(Brunnstrcan,1956), but equally nor did they degrade task perfornance 
(Bobath,1970). Given that the study was conducted on a limited 
rrumber of subjects am confined to investigating the effect on 
simply an elbow movement task, the results cannot be generalised to 
canment on the whole approach of these physiotherapy regimes. In 
patients ranging from 2.5 to 54 weeks post-stroke, ~r, no 
behavioural effects of invoking A.R. were found and tiros the claims 
that this reflex phenomenon has an important role in treatments 
designed to promote motor control following a stroke, are 
questioned. 
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2.'(; 
'rhe follo'ding series 0 f questions are about the l'!rm "hich 
>las affected >lnen you suffered your stroke. 
!'lease tick only oue box for ft-r,b gll~stjQn e~ __ 1!Y' 
, 
If you cannot hold" pencil or .~ uen, please ask" relative 
or friend to assist you with ticking your reply. 
Please ans"ar e~ch question as best you can. Your "nswers 
do not reflect ho" <;ood or bad your arm is. Th"y "re simply 
"bout a particulal' fe"ture of l'ecovery which some peoul" 
report havin~ experienced after their stroke. 
The questions in Section IT require that you ~re able to 
stand. If yousre unable to st.~nd miss out Section II 'lnd 
go directly to Section Ill. 
Section I 
Please remember - only tick one box ~ g ........... , ...... 
Question (a) - Sit on a dining or kitchen chair with your 
arms han~ing down relaxed by your sides. 
Comuared to your ",good" arm do the muscles 
in vour "ffectei arm feel? 
i) Loose and relaxed ----------------------[J 
ii) Slightl.\" t"nse -------------------------[J 
iii) Tight ----------------------------------(] 
If you answered 0 loose ani relaxed 0 miss out part (b). 
(b) - If the muscles feel tense Or tight do you 
notice this? 
i) 'rhrou~hout the arm, wrist and hand -----0 
ii) In the arm but not the wrist or hand ---[J 
iii) Only arou'ld the wrist or hand ----------0 
(c) - Look A.t your arms. Comp'lred to the "Iloo<i" 
"rID does the affected arm rest? 
1) As straight3.s the "good" arm ----------0 
ii) The elbo'd is bent up'"ards more 
than the "good ll arm --------------------0 
iii) The elbo" i3 very bent with the '-lrm 
QCrOS9 your body ----------------------{] 
Zll 
Question 2 - ':Ihilst si ttin.~ on the 1ining chqir. nlace your 
!Jan·.ls on your l"p. Look at your hands. Does 
the affectei hani lie? 
i) 4s opened as the "goort" hand ----------0 
ii) 110re clenched th'ln the "good" h"nd ----0 
iii) In " tight fist ----------------------{] 
Question "5 - Whilst sitting. use your "good" A.rm to 
ben1 and stretch the fingers and thumb 
of the qffectei hand. Can you ,io this? 
i) P'9sily and without tightness or 
rP'9ist~nce ----------------------------(J 
ii) ~ot so easily and with some tightness 
or resistance ------------------------{] 
i ii) l'/i th i ifficulty "nd wi th tightness 0 I' 
resist~nce ---------------------------{J 
Question 4 (a) - '.hilst sittin.~. rel"x your affected arm on 
your lAU. M·qke.q fist with your "good" arm 
and then clench it as hard as you can for 
about five seconds. HIls anythin~ hllppene:i 
to vour affected Ilrm. wrist or hand? 
i) ~othing happens ----------------------{] 
ii) The muscles in the arm, wrist or hand 
feel a little more tight -------------iJ 
iii) The muscles in the arm, wrist or hand 
feel a lot more tight ----------------{] 
iv) 4 small movement or a ,jerk occurs -----0 
v) A lot of movement occurs -------------iJ 
If you answered "Nothing happens" miss out Question -1- (b) 
and go directly to Section TI. 
(b) - Does this tightness or movement happen? 
i) Throu~hout the arm, wrist and hand ---1] 
ii) In the arm but not the wrist or hand -iJ 
iii) Just in the wrist or hand -------------0 
2.1'i! 
Section II 
gl e'ise ,..emember - only tick one box bt."" 9't5,;\",,9!\ 
question (a) - ~)tand with your arms h'l.!'lP,in'l down relaxei 
by your sides. CompRre'i to Y0ur Itgood" 
arm do the muscles in your qffecte1 qr~, 
wrist or hand feel? 
i) As loose an1 relaxed -----------------() 
ii) Sli~htly tense ----------------------{] 
iii) Tight -------------------------------{] 
If you 'l.nswere:l 'Loose and relaxed' miss out n!lrt (b). 
(b) - If the muscles feel tense or tight <lo you 
notice this? 
i) Throughout the arm, wrist !lnd h!ln<i --{) 
ii) In the arm but not the wrist or han1--Q 
iii) Only around the wrist or hand -------{J 
(c) - Look 'It your arms. Compared to the "good" 
arm does the affected arm rest? 
i) As straight as the "good" arm ---------0 
ii) The elbow is bent UPW3.r:ls more 
than the "good" arm -------------------{) 
iii) The elbow is very bent with the arm 
across your body ---------------------1] 
(d) - Look at your hands. Comp'lred to the 
"good" hand does the "ffected hand look? 
i) As open as the "go01" hand ------------Q 
ii) More clenched th:", the "good" hqnd-----Q 
iii) In a tight fist------------------------Q 
Question 2 - ',~hen you walk, look at your "ffected arm. 
Ts it? 
i) lI"nging <lawn str"ight by your side ----0 
ii) The el bo,. is bent u-pwads--------------Q 
iii) The elbow is very bent with the arm 
across the body-----------------------{] 
Sec tion III 
PleAse remember - only tick ODe box 't§r "u...'S.~~b". 
Question 1 (a) - Ifhen you yqwn have you ever notice I 
anything hllPneninR to your affectwi ,'}rll, 
'~rist or hand? 
i) ~othin~ haDpens ----------------------{] 
ii) 'rhe muscles i:o the qrm, ',rist or hand 
feel a little more ti~ht -------------{] 
iii) The muscles in the arm, wrist or h',ni 
feel a lot more tight ----------------{] 
iv) ~ small movement or " jerk occurs -----0 
v) ~ lot of movement occurs --------------0 
If you ans'.ered "Nothing halloens" miss out Questions 1 (b) 
and (c) and go directly to Question (2). 
(b) -
i) 
ii) 
iii) 
(c) -
i) 
ii) 
iii) 
i v) 
v) 
Does this tightness or movement hapnen? 
Throu~hout the arm, wrist and hani ---D 
In the arm but not the wrist or h~nd --0 
Just in the wrist or hand ------------{] 
How often have you noticed tightness or 
movement when you yawn? 
Very rarely --------------------------{] 
Rarely -------------------------------iJ 
Sometimes -----------------------------0 
Often --------------------------------{J 
Very often ---------------------------{] 
Question 2 - When you cough or sneeze have you ever 
noticed anything unexpectei h'lpnening 
to your affected Arm or hand? 
i) lio thin~ happens ----------------------{] 
ii) The muscles in the arm, wrist or h"nd 
reel a little more ti~ht -------------iJ 
iii) The muscles in the arm, wrist or hand 
lot more tight -----------------------{] 
iV) A small movement or " ,jerk occurs ----1] 
v) ~ lot of mO'lement occurs --------------0 
If you answere:! "Nothing haDpens" miss out Questions ? (b) 
and (c) and go directly to Question ("~). 
(b) - Does this tightness or mO'lement hanDen? 
i) Throughout the arm wrist and hand -----Cl 
ii) In the arm but not the wrist or hand -{] 
iii) Just ia the 1irist or hllnd -------------0 
2.80 
(c) - How often h~ve yOlt notice~ tightness or 
movement 1.olhen you co\.,)S"· ()(' sne.ez.e. ? 
i) Very rarely ---------------------------1] 
ii) Rarely --------------------------------{] 
iii) Sometimes -----------------------------~ 
Iv) Often ---------------------------------1] 
v) Very often ----------------------------{] 
Question '5 C,,) - If you "re su:ldenly fri~htenecl or 
startle I ha"" vou ever notice~ anythinl'( 
uneKpected hqppening to your affecte1 
arm or h .n,el? 
i) 110thin~ h!lppens -----------------------8 
ii) Tne muscles in the arm, I'Irist or h'ind 
feel a little more tight -------------{] 
iii) 'rhe muscles in the arm, wrist or hand 
feel 11 lot more tight ----------------.0 
Iv) ~ small movement or " ,jerk occurs -----0 
v) A lot of movement occurs -------------{] 
If you answered "Nothin.g happens" miss out Questions? (b) 
and (c) and go directly to Question (4). 
(b) - Does this ti~htness or movement happen? 
i) Throup,hout the arm, wrist and hand ---~ 
ii) In the arm but not the wrist or hl1nd -1] 
iii) Just in the wrist or hand -------------[J 
(c) - How often have vou noticed tightness or 
movement when you Qfe s\o.n:~ r 
i) Very rarely ---------------------------{] 
ii) Rarely --------------------------------{J 
iii) Sometimes -----------------------------{] 
iV) Often ----------------------------------[J 
v) Very often ----------------------------{] 
Question 4 - When you use the "good" arm on its own for 
some task, e.g doing up buttons, dusting, or 
liftinl'( a shopping bal'(, and you ~re not 
usinp, your affected. arm. have you ever 
,noticed anythin~ unexpected happenin~ to 
your "ffecte1 arm or hnnd? 
i) ~othing happens ----------------------{] 
ii) The muscles in the arm, wrist or h"nd 
feel a little more tight -------------{] 
iii) 'rhe muscles in the .9rm, wrist or hand 
feel a lot more ti"ht -----------------0 
iv) A sm",ll !llOlfm3ent or a .jerk occurs ----D 
v) ~ lot of movement occurs -------------D 
If vou answeren "Nothin,~ happens" miss out Questions 4 (b) 
and (c). 
(b) - Does this tightness or movement hnnpen? 
i) Throu~hout the arm, wrist an,j hand -----0 
ii) I~ the arm but not the wrist or h'mi ---0 
iii) ,Just in the l<rist or hand --------------0 
(c) - How often hflve you noticed ti.-;htness or 
movement "hen you ose.tI1I>.ff"XIorm. ~ 
i) Very rarely ---------------------------{] 
ii) Rarely --------------------------------i] 
iii) Sometimes -----------------------------1] 
iV) Often ---------------------------------{] 
v) 'lery often -----------------------------0 
H'lve you IInswered 1111 the questions? Tf you hllv" not, or 
found ;my of the questions p,qrticulllrly <liffic"l t, please 
comment in the sp'l.ce immeUIltely below. 
,;re you naturally right hanie·P 
Did your stroke affect your rip,ht IIrm? 
Did IInybody assist you by ticking the .qnswers? 
If you answered "YES" to the question above:-
YSS -----0 
NO -----0 
YES -----0 
~O -----0 
YES -----0 
NO -----0 
1) Did you discuss any of your answers with the person who 
Ilssisted you? 
2) Did he or she in any Wqy influe~ce how you 
answere:! this questionnaire hq, you filled 
HS -----[) 
'10 -----0 
mi~ht hllve 
it in on your 
YR3 -----0 
NO -----0 
Thank you very much for your time an,j effort in completin" 
this questionnaire. Could you plellse return it in the 
stampej addressed envelope provided, at your convenience. 
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APPENDIX II : 
10 Rem Initialise A/D convertor and pick a random time interval 
100 DIM P%(1000):DIM Q%(1000) 
200 *FX16,2 
250 RN%=100+RND(50) 
300 Rem Collect Adval data 
350 Rem Emi t start signal at random time interval 
400 3%=0:TIME=0:T1=2:T%=0 
500 REPEAT 
600 3%=3%+1 :P%(3%)=INT(ADVAL( 1) /64) :Q%(3%)=INT(ADVAL(2) /64) 
610 IF RN%=J% TIIEN SOUND 3,-15,149,20 
700 IF TIME<T%+T1 GOTO 700 
800 T%=TIME 
850 Rem Collect data until stop sampling by pressing space bar 
900 UNTIL INKEY$(O)=" " 
1000 N%=3% 
1100 J%=O 
1150 Rem Check data on the screen 
1200 REPEAT 
1300 3%=J%+1 
1400 PRINT P%(3%) ,Q%(3%) 
1500 UNTIL 3%=N% 
1550 Rem Name data file 
1551 Rem Create data file 
1552 Rem Put random number at top of data file in order to flag 
data sampling point 
1600 INPUT "FILENAME IS",F$ 
1700 Z%=OPENOUT F$ 
1750 PRINT Z%,RN% 
18003%=0 
1850 Rem Write to data files 
1900 REPEAT 
2000 3%=3%+1 
2100 PRINT Z%,P%(J%),Q%(3%) 
2200 UNTIL 3%=N% 
2300 CLOSE Z% 
2400 PRINT 
2500 INPUT "STATE IF ANOTHER MEASURIMENT REQUIRED (Y/N) ",A$ 
2600 IF A$="Y" GOTO 250 
2700 END 
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APPENDIX III : 
100 PRINT "CALIBRATION PROGRI\MME FOR ASSESSING STABILITY OF 
POLGON-FILTER-BBC APPARATUS AND OBTAINING DATA FRQ"I WHICH A 
CALIBRATION CURVE CAN BE CONSTRUCTED 
200 PRINT "FIND DEAD POINTS, THEN SET TO FIRST CALIBRATION ANGLE 
PRESS SPACE BAR TO ESCAPE" 
250 *FX16,2 
300 PRINT 
400 REPEAT 
500 PRINT INT(ADVAL(1)/64),INT(ADVAL(2)/64) 
510 T=TIME 
512 IF TIME<=T+50 GOTO 512 
600 UNTIL INKEY$ (0) =" " 
650 DIM A%(1000) ,B%(1000) 
700 INPUT "DEGREE SETTING IS",D 
800 PRINT 
900 REM'--_--=:-::-:--__ 
1000 REM READ VALUES GENERATED FROM D INTO A%( 
1100 J%=O:TIME=O 
1200 REPEAT 
1300 3%=3%+1: A%(J%)=INT(ADVAL(1)/64): B%(J%)=INT(ADVAL(2)/64): 
T=TIME 
1400 IF TIME<T+2 GOTO 1400 
1500 UNTIL TIME>=600 
1600 N%=J% 
1700 REM 
1800 REM~PUT==--=CLEAS==T:-:V=AL=UE IN A% ( ) INTO L 
1900 REM PUT GREATEST VALUE IN A%( ) INTO G 
2000 REM PUT SUM OF VALUES IN A%( ) INTO S 
2100 Ll=lE38:G1=-lE38:S1=0:L2=lE38:G2=-lE38:S2=OO:J%=O 
2200 REPEAT 
2300 J%=3%+1 
2400 IF A%(J%)<L1 THEN L1=A%(J%) 
2500 IF A%(J%»G1 THEN G1=A%(J%) 
2600 IF B%(J%)<L2 THEN L2=B%(3%) 
2700 IF B%(J%»G2 THEN G2=B%(3%) 
2800 Sl=Sl+A%(3%) 
2900 S2=82+B%(3%) 
3000 UNTIL J%=N% 
3100 REM,--_~,.-,-__ 
3200 REM PUT MEANS OF A%( ) AND B%( ) VALUES ROUNDED UP OR IJCmN 
TO NEAREST If-.'TEGER INTO M1 AND M2. PUT HALF THE DIFFERENCE 
OF LEAST AND GREATEST A%( ) AND B%( ) VALUES INTO El AND E2. 
IF THIS IS NOT AN INTEGER, PUT NEXT HIGHEST INTEGER INTO El 
AND E2 
3400 M1=Sl/N%:Ml=INT(Ml+0.5):M2=S2/N%:M2=INT(M2+0.5) 
3500 E1=(G1-Ll)/2: E2=(G2-L2)/2: IF E1<>INT(E1)THEN E1=INT(E1)+1: 
IF E2<>INT(E2) THEN E2=INT(E2)+1 
3510 E3=100*E1(M1:E3=(INT(10*E3+.5»/10 
3520 E4=100*E2(M2:E4=(INT(10*E4+.5»/10 
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3600 REM 
3700 PRIO:NT=--C'::-:'AN'""1GLE==::-"-:, '::-:'AD=V-MEAN", "ADV-TOL", "ADV-%TOL" 
3800 PRINT TAB(0);D;TAB(10);M1;TAB(20);E1;TAB(30);E3 
3900 PRINT TAB(0);D;TAB(10);M2;TAB(20);E2;TAB(30);E4 
4000 PRINT 
4100 REM~-,------:==-==-= 
4200 INPUT "ANOTHER RUN(Y/N)" ,Z$ 
4300 PRINT 
4400 IF Z$="Y" GOTO 700 
4500 END 
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APPENDIX IV : 
1 REM PROG TO 'SMOOTH' ORIGINAL ANGLE POSITION DATA AND 
CALCULATE VELOCITY (BY 'lWJ METHODS) FROM THE SMOOTHED 
DATA. 
2 REM ****************************************************** 
9 REM 
10 REM 
11 REM 
THE ANGLE POSITION DATA, STORED IN'lWJ FILES P( ) ,Q( ) 
CORRESPONDING TO UPPER ARM TRANSDUCER (A) AND FCREARM 
TRANSDUCER (D) ,IS REPRESENTED IN ADVAL UNITS. 
PRINT 
PROG JM.1EDIATELY CONVERTS ADVALS TO DEGREES SO THAT 
ALL SUBSEQUENT SMOOTHING OPERATIONS AND CALCULATIONS 
ARE IN DEGREES. 
12 REM ****************************************************** 
13 REM 
14 REM 
15 REM 
16 REM 
17 REM 
18 REM 
SMOOTHING ROUTINE: GROUPS OF EITHER 3 OR 5 CONSECUTIVE 
SETS OF POINTS ARE HANDLED SEQUENTIALLY. EACH GROUP OF 
POINTS IS SlM1ED AND THE MEAN CALCULATED. 
PRINT 
PRINT 
DATA POINTS IN THE 'SMOOTHED' FILE ARE ADJUSTED TO 
CORRESPOND TO THE RAW DATA FILE-THE MEAN CALCULATED 
REPLACES THE MIDPOINT OF THE GROUP OF POINTS. 
PRINT 
SMOOTHED DATA POINTS AND VELOCITY POINTS ARE PRINTED 
ALONG WITH THEIR ADJUSTED TIME POSITION PLOT (EG. PT. 
2,3,4) TO FACILITATE GRAPH PLOT OF DATA. 
19 REM ****************************************************** 
20 REM P() ,Q( ) _ FILES OF ADVAL POSITION DATA OF U.ARM AND 
F.ARM RESPECTIVELY. 
21 REM H() ,F( ) - CORRESPONDING FILES WITH DEGREE POSIT DATA 
22 REM V() ,W( ) - AS ABOVE WITH SMOOTHED DEGREE POSIT DATA 
24 REM M(), Y( ) - AS ABOVE WITH VELOCITY DATA. 
30 DIM P%(400),Q%(400),V(400) ,W(400),H(400) ,F(400) ,M(400),Y(4 00) 
100 INPUT "INPUT SUBJECT'S ORIGINAL POSITION DATA FILENAME", F$ 
200 X%=OPENIN F$ 
250 INPUT X%,RN% 
300 J%=O 
400 REPEAT 
500 J%=J%+1 
600 INPUT X%,P%(J%) ,Q%(J%) 
700 UNTIL EOF X% 
800 N%=J% 
801 
802 REM ****************************************************** 
803 REM CONVERT ADVALS TO DEGREES 
804 J%=O 
805 REPEAT 
810 J%=J%+1 
820 H(J%)=P%(J%)/4.22 
830 F(J%)=Q%(J%)/4.22 
840 UNTIL J%=N% 
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841 
842 REM ****************************************************** 
843 REM SMOOTHING ROUTINE 
844 REM G IS THE MAJOR LOOP CONTROLLING THE SIZE OF THE GROUP 
OF POINTS SELECTED FOR THE SMOOTHING OPERATION. 
845 REM C SETS THE ADJUSTED START POINT FOR THE SMOOTHED 
POSITION DATA 
846 REM L IS INITIALISED TO C AND ACTS AS A COUNTER FOR THE 
TOTAL NUMBER OF SMOOTHED DATA POINTS - END OF NEW FILE 
DENOTED BY D. 
847 REM 3 MOVES THE SELECTED GROUP OF POINTS ALONG THE DATA 
FROM 1 TO THE START OF THE FIRST POINT OF THE LAST 
GROUP. 
848 REM K IS THE SMALL NESTED LOOP WHICH FOR EACH CASE OF LOOP 
3 SUMS THE VALUES WITHIN THE GROUP OF 3 POINTS. MEAN IS 
DETERMINED AND STORED IN 'lW) NEW FILES V( ) ,WC ) BEFORE 
REPEATING 3. 
900 G%=3 
1000 PRINT "GROUP SIZE IS" G% 
1050 C%=(G%+1)/2 
1060 L%=C% 
1065 
1070 
1075 
1100 FOR 3%=1 TO N%-G%+l 
1200 S=O 
1300 Sl=O 
1350 
1355 
1400 FOR K%=J% TO J%+G%-1 
1500 S=S+H(K%) 
1600 Sl=Sl+F(K%) 
1700 NEXT K% 
1750 
1755 
1800 V(L%)=S/G% 
1900 W(L%)=Sl/G% 
1950 L%=L%+1 
2000 NEXT J% 
2010 
2050 D%=L%-l 
2060 
2305 REM ******************************************************* 
2308 REM VELOCITY CALCULATION 
2309 
2310 FOR J%=C% TO D%-2 
2320 M(J%)=(V(3%+2)-V(3%»/.04 
2330 Y(J%)=(W(J%+2)-W(3%»/.04 
2340 NEXT J% 
2345 REM ******************************************************* 
2346 
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2400 INPUT "DO YOU WISH TO FILE SMOOTHED POSITION DATA (Y/N) " ,Z$ 
2500 IF Z$ <> "Y" GOTO 3305 
2501 REM F$ = ORIGINAL POSITION DATA FILE 
2502 REM U = UPPER ARM 
2503 REM F = FOREARM 
2504 REM S = SMOOTHED 
2505 REM P = POSITION DATA 
2506 REM G = SIZE OF GROUP OF POINTS 
2520 INPUT "FILENAME IS F$FSPG",B$ 
2525 B$=":l."+B$ 
2700 B%=OPENOUT B$ 
2710 FOR J%=C% TO D% 
2730 PRINT B%,J%,W(J%) 
2740 NEXT J% 
2750 CLOSE B% 
2751 
3302 REM ******************************************************* 
3303 
3305 INPUT "DO YOU WISH TO FILE VELOCITY DATA (Y/N) " ,Z$ 
3310 IF Z$ <> "Y" GOTO 3500 
3320 INPUT "FILENAME IS F$FV2G",B$ 
3325 B$=":l."+B$ 
3330 B%=OPENOUT B$ 
3335 FOR J%=C% TO D% 
3345 PRINT B%,J%,Y(J%) 
3350 NEXT J% 
3360 CLOSE B% 
3361 
3362 REM ******************************************************* 
3363 
3401 
3402 REM ******************************************************* 
3500 END 

